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THE    DIRECT     MANUFACTURE    of    IROX    prom    ORE, 

PUDDLING,  HEATIXG  FURXACE  and  FORGE  CIX- 

DERS,  SHOWLXG  THE  ECOXOMICAL  ADAPTATIOX 

OF  THE  PROCESS  FOR  COMMERCIAL  IROX  for 

OPEX  HEARTH  and  for  CRUCIBLE  STEEL. 


By  Charles  M.  Du  Puy,  C.E. 

Eead  before  the  Franklin  Institute,  .Time  17,  1881. 


I  have  the  honor  to  read  a  third  paper  before  this  venerable  and 
respected  Institute  upon  the  manufacture  of  iron. 

It  may  be  remembered  that  in  the  fall  of  1878  I  explained  a 
method  of  producing  wrought  iron  direct  from  ore  by  reducing  it 
with  carbonaceous  matter  and  fluxes. 

The  mixture  filled  into  thin  sheet  iron  cases,  and  charged  into  rever- 
beratory  furnaces,  is  subjected  to  a  gradually  increasing  heat  for  three 
or  four  hours,  when  it  becomes  changed  to  metal  interspersed  with 
slag,  but  still  surrounded  with  the  iron  cases,  more  or  less  intact. 

One  or  more  of  these  metallic  lumps,  pressed  into  the  shape  of  a 
ball,  is  then  shingled  and  rolled  to  a  bar  at  the  same  heat. 

About  50  tons  of  iron  was  made  by  this  method  from  ore,  then  piled, 
reheated,  rolled,  cut  up,  and  melted  in  crucibles  to  steel.  After  a  very 
careful  test  of  this  steel  for  various  purposes,  the  stock  was  pronounced 
Whole  No.  Vol.  CXII.— (Third  Series,  Vol.  Ixxsii.)  1 
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by  skillful  manufacturers  equal  to  the  best  American  or  Swedish  iron 
for  the  finest  grades  of  steel. 

A  year  later  I  read  a  second  paper  reporting  the  result  of  further 
investigation.  During  this  interval  a  variety  of  ores  had  been  worked. 
They  were  deoxidized  not  only  with  charcoal,  as  the  first  had  been, 
but  also  loith  bituminous  and  anthracite  coal.  Some  of  these  samples 
reduced  with  mineral  coal,  after  reheating  and  rolling  to  bars,  were 
converted  to  crucible  cast  steel  and  forged  to  tools.  The  result  proved 
that  whether  deoxidation  was  j^roduced  with  charcoal,  with  bitumi- 
nous, or  with  the  wasted  anthracite  coal  slack  dust  of  oui-  mines,  a 
high  quality  of  steel  was  always  produced,  the  tools  from  which  have 
withstood  the  severe  test  of  turning  chilled  rolls  and  planing  hard 
cast  iron. 

With  this  brief  reference  to  former  papers,  which  have  been  printed 
in  your  Jouexal,  I  ])ass  on  to  detail  further  progress.  Since  that 
period  various  practical  operations  have  been  conducjted  for  weeks 
together  at  diiFerent  rolling  mills,  in  charging  ore  mixtures  in  sheet 
iron  cases  upon  the  hearths  of  reverberatory  furnaces. 

After  having  fully  demonstrated  that  a  simple  and  cheap  combina- 
tion of  fluxes  with  ore  and  carbon  will  always  produce  a  uniform  and 
satisfactory  quality  of  metal  for  steel  purposes,  my  attention  has  been 
closely  directed  to  the  commercial  side  of  the  operation.  My  aim  has 
been  to  prove  that  this  system  can  take  its  place  in  economic  competi- 
tion with  the  other  older  methods  now  in  use. 

In  the  course  of  these  experiments  I  discovered  that  sheet  iron  cases 
may  be  dispensed  with,  without  prejudice  to  the  yield  and  quality  of 
the  metal.  This  discovery  is  important,  as  it  sums  up  a  large  saving 
in  the  cost  of  production. 

I  early  found  that  complete  reduction  in  reverberatory  furnaces 
could  not  be  accomplished  through  a  thickness  of  three  or  four  inches 
of  pulverized  ore  mixtures  in  as  many  hours,  and  yet,  unless  the  pro- 
cess is  hastened  to  a  much  shorter  time,  experience  has  proved  that 
the  wa.ste  of  fuel,  metal  and  labor  Avill  determine  its  commercial  use- 
lessness. 

It  was  to  overcome  this  difiiculty  that  annular  sheet  iron  cases  were 
adopted,  with  a  thickness  of  not  more  than  five  inches  between  the 
outside  and  inside  walls  of  the  metal  mixture.  By  this  arrangement 
the  heat  was  not  required  to  travel  over  2J  inches  in  order  to  penetrate 
throughout  the  mass. 
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Although  sheet  iron  cases  are  now  dispensed  with,  the  mixture  is 
:still  moulded  l)y  preference  into  cylindrical  annular  sha})es,  as  the  ])ipe 
form  is  considered  best  for  their  rapid  and  cheaj)  manufacture  by 
machinery,  as  drain  pipe  are  usually  made. 

It  is  quite  important  to  have  the  mixture  moulded  to  shapes,  so 
that  by  standing  them  on  end  throughout  the  furnace  hearth"  a  suffi- 
cient paying  quantity  can  be  operated  upon  at  one  heat,  while  at  the 
same  time  there  is  presented  large  surface  areas  for  heat  penetration. 

Pulverized  ore  mixtures,  leveled  over  the  hearths  of  reverberatory 
furnaces,  have  often  been  reduced  and  hailed,  and  if  not  over  two  or 
three  inches  of  tliickness,  iron  is  usually  made,  l)ut  as  the  mass  is 
heated  only  fix)m  the  upper  surface,  the  bottom  being  cold,  the  pro- 
longed high  heat  required  to  ])enetrate  this  non-conducting  mixture 
causes  excessive  waste  both  of  material  and  labor,  together  with  a  small 
yield  of  metal. 

In  previous  papers  I  attempted  to  explain  that  the  greatest  impedi- 
ment to  commercial  success  of  direct  })rocesses  has  been,  if  1  may  be 
allowed  so  to  express  it,  the  failure  to  realize  tlce  loir  heat  conductivity 
•of  ore  mixtures.  The  reducing  heat  has  been  expected  to  penetrate 
more  rapidly  than  the  nature  of  the  material  M'ill  conduct  it. 

The  thin  annular  cylindrical  shape  overcomes  this  difficultv.  Thev 
:are  made  about  15  to  18  inches  high,  8  inches  diameter  and  2f  inches 
thickness,  and  placed  tiiroughout  the  hearth  so  as  almost  to  touch  each 
■other.  Thus  arranged,  the  furnace  will  produce  as  much  wrought 
iron  from  ore  at  a  heat  of  no  longer  duration  than  is  required  to  ]>ro- 
duce  the  same  quantity  from  pig  iron. 

It  is  not  necessary  to  be  confined  to  the  annular  cylindrical  sha])e, 
although,  perhaps,  it  may  ultimately  be  found  the  best.  Anv  form 
that  may  be  easily  handled — that  will  hav^e  sufficient  base  to  affijrd  a 
firm  support  in  the  furnace — and  that  will  be  thin  enough  to  present 
large  surfaces  for  heat  penetration,  will  answer  the  ]>urpose.  Thev 
may  be  moulded  to  form  on  end,  the  shape  of  the  letter  C,  a  cvlinder 
almost  closed.  They  may  be  S  shape  or  D  shape  on  end.  ]\Ianv 
forms  may  suggest  themselves,  as  easily  moulded  by  machinerv,  A\-hich 
Avill  be  thin,  and  yet  present  large  surface  areas  for  penetration. 

Formerly,  in  making  my  experiments  I  used  reverberatorv  furnaces 
with  sand  bottoms,  similar  to  those  for  heating  iron  piles.  In  one 
respect  these  bottoms  are  favorable,  for  the  silica  becomes  quite  hot, 
and  gives  off  its  heat  to  the  metal  mixture  placed  upon  it,  but  further 


4  The  Direct  Manufaetu re  of  Iron.      [Jour.  Frank.  Inst.., 

experience  has  proved  thiit  the  alkali  mingletl  with  the  ore  to  separate 
impurities,  after  a  very  few  operations  will  partially  dissolve  the  silica, 
bottom.  The  metal  will  then  mingle  with  it,  and  much  of  it  waste 
away  as  a  silicate  of  iron.  For  this  reason  silica  bottoms  have  been 
discarded  for  the  ordinary  puddling  furnace  cinder  bottoms,  and  these 
are  found  in  every  way  satisfactory.  They  keep  the  metal  clean,  and 
are  themselves  uninjured  by  use. 

In  preparing  the  mixture  several  points  are  necessary  to  be  observed,, 
and,  although  they  are  subsidiary  to  the  separation,  of  impurities,  are 
still  very  important,  if  not  essential,  to  the  complete  success  of  the 
system. 

The  mixture  must  be  so  compounded  as,  when  moulded,  to  withstand 
the  shock  of  rough  handling  without  breaking  in  transportation  to^ 
the  furnace. 

.It  must  also  be  of  such  consistency  as  to  preserve  its  original 
moulded  shape,  while  in  the  furnace,  until  thoroughly  penetrated  by 
heat.  If  it  settles  down  into  a  mass  of  uniform  thickness  over  the 
hearth,  before  it  is  penetrated  by  a  reducing  heat,  the  cost  and  yield 
will  render  the  process  unprofitable. 

Both  of  these  conditions  are  attained  by  a  judicious  mixture  of  lime 
and  clay  with  pulverized  ore  and  carbon,  when  a  preponderance  of 
silica  is  combined  with  the  ore.  Magnesian  lime  is  preferred.  With 
aluminous  ores  the  clay  may  be  largely  dispensed  with.  These  sub- 
stances must  be  varied  in  proportion  with  the  analysis  of  the  ore,  but 
they  may  always  be  so  combined  as  to  make  a  firm  compact  mass 
at  low  cost.  Salt  and  manganese  have  been  used  sometimes  in  addi- 
tion to  lime  and  clay  to  aid  in  separating  phosphorus  and  other  impu- 
rities, but  lime  and  clay  are  tlie  main  dependence. 

There  is  one  exceedingly  important  office  of  this  cheap  alkali  mix- 
ture to  which  is  due  almost  entirely  the  commercial  economy  of  the 
process.  It  must  form  a  "  non-flowing  slag.'''  Xot  simply  a  flux  to 
dissolve  impurities,  but  a  combination  which  fills  a  range  of  useful- 
ness very  much  wider  than  that  of  any  ordinary  flux. 

As  the  moulded  masses  are  spread  over  the  hearth  with  spaces 
between  them,  they  present  not  only  larger  surfiice  areas  for  deoxid- 
ation,  but  also  present  shapes  that  would  be  very  favorable  for  re-ox- 
idation by  the  furnace  gases,  unless  means  can  be  provided  to  prevent 
it.  While  it  is  essential  to  drive  the  heat  high  from  the  beginning,  in 
order  to  bring  about  quick  and  economical  reduction  to  metal,  it  is 
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■equally  as  essential  that  the  material  shall  at  the  same  time  l)e  covered 
and  protected  from  the  waste  of  liigh  heat,  which  is  always  very  oxid- 
izing. Tliis  is  one  of  the  requirements  of  this  "  non-flowing  "  slag. 
By  entering  the  pores  or  spaces  or  cells  of  the  ore,  which  have  been 
vacated  by  the  oxygen  as  it  passes  out  and  forms  with  carbon,  carbonic 
•oxide  gas,  each  little  atom  or  filament  of  metal  is  immediately  sealed 
and  varnished  l)y  this  glassy  coating,  so  that  the  delicate  particles  of 
new-made  iron  are  in  this  manner  efedually  saved  from  re-oxidation 
and  destruction . 

An  ordinary  flux  would  flow  from  the  metal  on  to  the  bottom  of 
the  furnace,  carrying,  it  is  true,  a  portion  of  the  impurities  with  it,  but 
leaving  the  new  spongy  iron  to  melt  into  a  protoxide,  like  snow  melts 
before  a  south  wind.  Hence  the  importance  of  having  this  slag  non- 
ilowing,  as  well  as  fluxing,  which  is  so  very  easily  accomj)lished. 

There  is  still  another  result  accomplished  by  the  j)roper  mixture  of 
these  cheap  alkali  material  with  ore  and  carbon.  Being  highly  basic, 
it  dephosphorizes  and  desulphurizes  as  tvell  as  desiliconizes.  This  same 
-combination,  which  may  be  depended  upon  to  form  a  firm  mass  both 
out  of  and  in  the  furnace,  and  that  protects  the  ore  from  oxidizing 
influences  by  furnace  gases,  may  be  also  effectually  relied  upon  to 
break  the  affinity  of  iron  both  for  phos})horus  and  sulphur  as  well  as 
for  titanic  acid.  A  large  class  of  rich  ores  may  be  thus  ntilized 
which  are  now  useless,  because  tliev  contain  so  laroe  a  i)ercentao:e  of 
these  impurities.  These  deleterious  substances  are  sei)arated  either  by 
volatilization  or  pass  off  with  the  slag  as  it  is  expelled  by  the  squeezer 
and  rolls. 

Still  I  am  not  yet  through  with  extolling  the  virtues  of  this  "  non- 
flowing  slag."  Important  as  its  influeirce  is  for  the  ])ui-poses  here 
before  stated,  it  also  serves  to  secure  a  great  economy  of  fuel.  Metal- 
lurgists and  chemists  agree  that  ore  should  be  brought  to  wrought  iron 
bars  with  the  consumption  of  half  a  ton  of  coal  to  the  ton  of  iron. 
Notwithstanding  these  nice  theoretical  estimates,  the  best  part  of  tliree 
tons  of  coal  is  required  to  a  ton  of  bars.  This  is  one  of  those  marked 
■cases  where  tlieory  and  practice  widely  differ,  in  spite  of  every  effort 
to  correct  it.  Some  very  powerful,  but  perhaps  not  very  well  under- 
stood, cause  must  lie  at  the  bottom  of  this  extraordinary  waste  in  con- 
Terting  ores  to  metal.  Allow  me  to  venture  the  query  whether  it 
may  not  be  produced  by  nitrogen.     The  chemist   will  create  intense 
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coinbu.stion   in  a  jar  of  pure  oxygen,  but  let  him  mingle  with  it  a 
large  volume  of  nitrogen,  and  combustion  Avill  be  arrested. 

Until  lately  nitrogen  has  been  considered  rather  a  neutral  substance 
in  iron  making,  being  neither  favorable  nor  injurious  to  the  metal. 
Now  with  every  lOOO  pounds  of  air  thi'own  into  the  furnace,  only  230 
pounds  is  oxygen,  while  of  the  remainder  more  than  7U0  pounds  is 
nitrogen.  The  oxygen  forms  not  one-fourth  of  the  total  blast,  and  yet 
it  is  only  upon  the  oxvgen  we  place  dependence  to  secure  combustion.. 
A  gas  which  forms  nearly  three-fourths  of  the  entire  volume  con- 
tained in  the  furnace,  if  it  is  not  combustible  itself,  most  certainly 
must  retard  the  ignition  of  the  other  combustible  rases. 

May  it  not  be  possible  that  these  imprisoned  gases  in  the  molecules 
of  metal  are  the  prime  cause  of  deteriorating  its  cpiality,  so  that  pud- 
dled pig  iron  will  so  rarely  produce  high  grades  of  crucible  steel  ? 
Dr.  Miiller,  of  Brandenburg,  has  proved  by  a  simple  and  ingenious 
method  that  hydrogen  and  nitrogen  are  actually  contained  in  very  con- 
siderable quantities  in  iron.  He  practically  determined  that  in  some 
cases  the.se  gases  formed  a  volume  of  about  fifty  per  cent,  of  that  of 
the  drilled  hole  from  which  the  test  was  made,  and  these  experiments 
have  since  been  verified  by  others. 

In  the  process  under  consideration  there  are  no  gases  forced  by  the 
pressure  of  the  blast  through  the  metal  as  in  the  blast  furnace.  As  the 
carbonic  oxide  is  generated  by  the  heated  mixture,  by  its  own  pressure 
it  finds  its  way  to  the  surface  of  the  moulds.  The  door  is  open  for 
the  exit  of  gases,  but  is  closed  and  sealed  against  the  inroad  of  inju- 
rious volatile  furnace  im])urities.  The  blast  pressure  is  not  sufficient 
to  counterbalance  the  outward  pres.!ure  of  carbonic  oxide,  and  hence 
gases  are  not  introduced  into  the  recesses  of  the  metal  to  its  injury,  as 
pig  iron  is  contaminated. 

Whether  the  foregoing  is  or  is  not  a  correct  solution  of  the  problem,, 
it  is  very  certain  that  iron  produced  by  this  system  is  invariably  of  a 
quality  that  may  be  relied  upon  for  the  finest  grades  of  fine  crucible 
or  open-hearth  steel. 

In  all  previous  direct  processes  it  has  been  considered  essential  to 
keep  the  furnace  in  a  red  smoky  atmosphere  of  carbonic  oxide,  as  the 
best  condition  for  rapid  reduction.  This  is  a  condition,  it  may  be 
remarked,  where  about  one-half  of  the  fuel  passes  uuconsumed  out  of 
the  stack,  and  the  other  half  is  not  allowed  to  generate  more  tJiaii 
half  the  heat  it  is  capable  of,  if  sufficiently  supplied  with  air. 
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In  common  witli  others,  I  tonncrly  deemed  tliis  most  wasteful  com- 
bnstion  of  the  fuel  to  carbonic  oxide  an  essential  means  for  tiie  best 
reduction.  .Although  1  had  discovered  that  commercial  economy 
necessitated  the  ai)i)Iication  of  a  liUfh  furnace  heat  at  once,  in  order  to 
penetrate  to  the  interior  and  rapidly  reduce  to  metal,  yet  I  was  unable 
to  apply  this  high  heat  because  of  its  waste  by  a  re-oxidation  of  the 
iron.  After  I  found  that  a  non-flowing  slag  could  be  made  to  remain 
and  protect  the  metal,  I  was  al)le  to  })ush  the  heat  high  on  introducing 
the  charge;  and  thus,  by  more  economically  burning  the  fuel  to  car- 
bonic acid,  bring  the  ore  to  metal  very  rapidly  in  less  than  two  hours. 
I  am  aware  tliat  the  treatment  of  an  ordinary  puddle  ball  to  such  pro- 
longed exposure  to  furnace  blast  would  oxidize  and  waste  it  largelv 
to  cinder,  but  it  must  be  remembered  that  this  combination  is  not 
that  of  an  ordinary  puddle  ball.  It  is  iron  ore  mingled  with  car- 
bon to  deoxidize  it,  and  protected  at  every  point  by  a  glazing  slag 
Avliich  prevents  re-oxidation. 

Saturated,  as  the  mixture  becomes,  with  a  high  heat,  as  fast  as  it 
can  be  conducted  through  it,  the  gases  are  observed  to  begin  to 
work  immediately.  Every  S(piare  inch  of  surface  of  these  moulded 
masses  is  covered  with  a  flame  of  carbonic  oxide  which  is  quicklv 
transformed  to  carbonic  acid  upon  meeting  the  heated  furnace  gases. 
Thus  combustion  is  intensified  by  the  heat  evolved  from  the  moulds 
themselves,  througliout  the  entire  furnace  hearth.  The  heat  given 
off  from  one  mould  impinges  u[)on  the  mould  adjoining,  while  the 
furnace  walls  and  roof  receive  and  reflect  back  the  radiated  heat. 
Every  little  particle  of  ore  gives  oW  jjurc  oxi/c/cn — not  <ixygen  dilu- 
ted with  three-rpiarters  nitrogen  to  retard  perfect  combustion,  as  in 
the  blast  furnace — but  as  ]>ure  oxygen  as  it  is  possible  for  the  chem- 
ist to  generate  in  his  laboratory.  This  oxygen  immediately  finds  an 
atom  of  carbon  close  to  it  with  which  it  assimilates  and  forms  carbonic 
oxide.  Thus  existing  gaseous  impurities  are  removed,  while  other 
gases  injurious  to  the  irtm  are  not  insUUousli/  introduced  with  a  sfronr/ 
blast  prcsmi re  as  they  are  in  pig  iron.  The  practical  result  follows,  as 
has  been  before  stated,  the  iron  is  better  for  fine  steel  than  puddled 
pig  iron. 

It  is  no  longer  necessary  to  waste  fuel,  ore  and  labor  bv  main- 
taining in  the  furnace  an  atmospiiere  of  carbonic  oxide,  which  s«. 
needlessly  prolongs  the  operation.  The  mouldeil  mixture,  upon  the 
application  of  high  heat,  is  itself  a  flame  at  all  [)oints,  like  dry  wood 
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would  be  imder  similar  circumstances.  They  produce,  of  themselves, 
a  high  heat,  and  thus  economize  fuel  from  the  lire-grates. 

Indeed,  so  effectual  is  the  heat  generated  at  the  surface  of  the 
moulded  mixture  that  I  am  accustomed  to  lessen  the  supply  of  fuel 
at  the  stokiug-hole  as  the  gases  begin  actively  to  work,  and  then  the 
blast  is  reduced  wliile  the  damper  is  somewhat  lowered.  Under  this 
treatment,  the  ore  mixture  continues  to  do  its  work  until  the  whole  is 
reduced  to  metal.  It  asks  for  no  puddling,  no  exhausting  physical 
labor,  but  simply  to  be  let  alone  to  do  its  own  work  in  its  own  way. 

I  may  have  been  tedious  in  detailing  the  value  I  have  discovered 
there  is  in  a  non-flowing  slag,  and  also  in  so  minutely  describing  the 
working  of  the  process,  but  I  have  purposely  elaborated  this  part  of 
the  subject,  at  the  risk  of  wearying  you,  because  I  believe  tJie  true 
secret  of  successful  commercial  economy  in  working  the  direct  method 
lies  in  this  direction. 

There  is  nothing  new  in  fluxes,  nor  in  moulding  the  mixture  into 
shapes  for  reduction.  The  few  alkali  or  acid  materials  cheap  enough 
to  be  used  for  fluxes  have  all  long  ago  been  known,  and  one  inventor 
after  another  has  used  them  in  varied  proportions  in  moulded  shapes, 
and  still  failed  to  demonstrate  commercial  economy  in  competition  with 
other  methods  of  working.  Like  my  own  earlier  experiences,  the 
successive  steps  to  bring  ore  to  metal  direct  have  not  been  well  under- 
stood. A  non-flowing  slag  to  protect  from  re-oxidation,  and  a  quick, 
high  heat,  seems  to  be  the  pivot  upon  which  commercial  economy 
turns.  By  coupling  this  with  that  other  quite  as  important  discovery 
— namely,  placing  the  several  masses  of  metal  mixture  sufficiently 
apart  so  that  the  heat  generated  from  one  may  impinge  upon  another — 
the  general  outline  for  practical  working  seems  to  be  complete.  A 
wide  range  of  experimental  tests  with  ore  mixtures,  in  cases  and  with- 
out them,  and  in  various  furnaces,  have  gradually  pointed  out  the 
successive  steps  by  which  to  make  the  method  simple  and  easy.  Now 
heat  after  heat  may  be  withdrawn  from  the  furnace  in  less  than  t\vo 
hours  with  the  regularity  of  puddling,  but  with  very  much  lessened 
cost. 

Having  succeeded  in  satisfactorily  working  ore-mixtures,  my  atten- 
tion has  latterly  been  directed  to  the  utilization  of  puddle,  forge  and 
heating  furnace  cinder  as  well  as  roll  scale  and  hammer  slag. 

Puddle  cinder  is  a  rich  silicated  protoxide  of  iron,  containing  from 
50  to  58  per  cent,  metallic  iron,  16  to  18  per  cent,  of  silica,  and  trom 
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1  to  2  or  3  j)er  cent,  of  phospliorus,  beside  some  other  impurities.  An 
•average  of  this  cinder,  both  liere  and  in  Europe,  would  })r<>lnibly 
prove  it  to  contain  not  less  than  52  per  cent,  metallic  iron.  This  class 
■of  cinder,  in  this  country,  is  quite  high  in  phosphorus,  because  the  pij; 
metal  is  boiled  purposely  very  hot  in  order  to  throw  the  phosphoriLS 
AS  much  as  possible  into  the  cinder  for  the  bettor  j)urification  of  the  ir<jn. 

Heating  furnace  cinder  is  not  generally  as  rich  as  })uddle  cinder, 
still  it  averages  a  large  percentage  of  iron,  i)robal)ly  not  less  than  45 
l)er  cent.,  while  some  of  it,  taken  from  furnace  bottoms,  is  even  richer 
than  puddle  cinder. 

Forge  cinder,  the  refuse  of  charcoal  scrap  sinking  fires,  and  from 
Catalan  forges,  is  a  richer  iron  oxide  than  puddle  cinder,  and  besides 
■contains  a  very  considerable  quantity  of  reduced  iron  blended  with  it, 
which,  by  the  usual  method  of  working  charcoal  forges,  it  is  imj)ossii)le 
to  separate. 

Roll  scale  is  a  pure  oxide  of  iron,  containing,  as  gathered  up  in  the 
mills,  about  70  per  cent,  of  metallic  iron.  Although  apparently  little 
scale  is  made  from  iron  in  hammering  and  rolling  it,  vet  in  large 
mills  the  annual  (juantity,  when  summed  up,  would  be  quite  surpris- 
ing. AVhere  paddling  is  carried  on,  scale  is  often  used  by  the  jmddlers 
at  certain  stages  of  the  boil,  but  even  in  many  of  these  mills  the  scale 
is  swept  up  and  thrown  with  the  cinder. 

Hammer  and  roll  slag  are  both  rich  in  iron,  averaging  jierhaps 
.nearly  as  much  metallic  iron  as  heating  furnace  cinder,  say  40  to  45 
per  cent. 

It  is  quite  worthy  of  note  that  all  these  refuse  slags,  so  very  rich  in 
metallic  iron,  and  produced  in  so  very  large  quantities,  are  often 
wholly  wasted,  or,  if  utilized,  only  command  a  fraction  of  the  market 
value  whicli  the  same  number  of  units  of  iron  would  realize  if  con- 
tained in  ore.  ^lost  blast  furnace  owners  would  rather  pay  several 
dollars  per  ton  for  ores  containing  as  low  as  oO  per  cent,  of  metallic 
iron  than  to  charge  their  furnaces  with  cinder,  to  be  had  for  the  bald- 
ing, that  analyzed  54  per  cent,  of  metallic  iron.  Owing  to  the  alloy 
Avith  phos])horus,  and  the  very  refractory  nature  of  these  cinders, 
furnace  managers  will  at  best  oidy  use  them  sparingly.  ^Nlany  who 
are  ])roprietors  of  both  rolling  mills  and  furnaces  prefer  to  waste  their 
rolling  mill  cinder  on  the  duiup  rather  than  use  it  in  their  blast  fur- 
naces, for  fear  of  contaminating  a  superior  grade  of  pig  iron  thev  aim 
to   produce.     Even    in    furnaces   not  very  particular  as  to  qualitv  of 
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iron,  the  use  of  cinder  is  usually  limited  to  from  10  to  20  per  cent,  of 
the  charge,  the  latter  being  rather  an  unusual  quantity  for  ordinary 
brands  of  pig. 

Not  less  than  40  to  50  tons  of  puddle  cinder  daily  made  by  the 
Philadelphia  rolling  mills  is  given  away  for  the  hanli)ig  and  barely 
j)ays  for  the  labor  of  transportation  to  cars  a  short  distance  from  the 
mills,  to  be  delivered  to  neighboring  blast  furnaces.  By  this  proce.ss 
this  M'asted  cinder  could  be  daily  converted  into  12  to  15  tons  of  good 
wrought  iron  at  low  cost. 

In  former  years  cinder  pig  iron  was  a  marketable  commodity,  very 
much  in  demand  for  working  into-cheap  rails,  etc.,  but  now  ingot  iron 
and  low  steel  is  so  rapidly  pushing  it  away,  and  displacing  puddled 
iron  in  rolling  mills,  sub.stituting  superior  for  inferior  stock,  that 
cinder  pig  iron  is  no  longer  in  request.  With  an  increasing  demand 
for  better  qualities,  the  less  cinder  can  be  used  in  blast  furnaces,  and 
the  more  it  will  accumulate.  In  Staffordshire  and  many  other  parts 
of  England,  at  the  present  time,  cinder  has  fallen  so  much  in  demand 
for  furnaces  that  many  rolling  mills  are  seriously  inconvenienced  by 
the  Harge  accunndation  of  cinder  around  them.  Indeed  in  some 
parts  of  Europe,  and  even  in  this  country,  cinder  has  been  used  to  fill 
up  vacant  lots  and  low  places,  and  sometimes  even  forms  the  embank- 
ment of  railroads.  In  Sweden  rich  forge  cinders,  unused,  have  beeit 
accumulating  in  enormous  piles  for  50  years. 

I  have  now  succeeded  in  working  these  cinders,  so  rich  in  iron,  and 
rolling  them  to  bars  at  one  heat.  I  ])repare  this  material  with  carbon 
and  substantially  the  same  cheap  fluxes  as  used  for  ores.  It  is  safe  to 
estimate,  under  all  contingencies,  that  one  ton  of  muck  bar  can  be 
made  on  a  regular  working  .scale  from  three  tons  of  puddle  cinder,, 
deoxidized  with  bituminous  or  anthracite  carbon  in  heats  of  from  500 
to  1000  lbs.,  according  to  the  size  of  the  furnace. 

During  a  series  of  experiments  at  Round  Oaks,  Staifordshire,  Eng- 
land, in  the  past  winter,  I  produced  as  high  as  43  per  cent,  by  weight 
of  muck  bars  in  2\  hours  from  f  cinder  and  ^  scale,  deoxidized  with 
bituminous  carbon.  In  this  instance  the  muck  bar,  with  one-half 
scrap,  has  lately  been  cut  up,  sunk  in  charcoal,  forged,  reheated,  and 
rolled  to  \\  inch  wire  rods,  showing  no  greater  waste  than  usually 
attends  that  mode  of  w<:»rking  iron.  These  wire  rods  were  then 
reheated  and  rolled  down  to  No.  6  wire.  The  wire  was  salt  coated 
and  in  four  passes  was  drawn  to  No.  12J^,  after  which  it  was  annealed 
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and  meal  coated,  and  in  two  more  passes  it  was  drawn  to  No.  IG  wire^ 
No  better  illustration  than  this  can  he  presented  to  show  the  character 
of  iron  made  from  cinder  by  tliis  method.  The  cinder  from  which 
this  iron  was  made  contained  more  than  2  per  cent,  of  phosphorus^ 
whereas  an  analysis  of  the  iron  showed  it  had  been  reduced  to  -f^^J 
per  (vnt. 

Within  three  months,  at  tlie  Phrenix  Iron  Company's  works,  27,426 
lbs,  of  puddle  cinder,  7350  lbs.  of  old  bed  Champlain  Ore,  and  2400 
lbs.  of  iron  scale  was  mingled  with  bituminous  coal  and  slagging  mate- 
rial. The  combinations  were  varied,  and  it  was  then  moulded  into 
shapes  for  testing  the  system.  The  charges  were  placed  in  an  ordi- 
nary double  puddling  furnace.  Some  of  them  were  of  cinder  alone, 
some  cinder  and  ore,  and  others  cinder  and  scale.  In  this  way  a 
variety  of  tests  were  made,  each  with  a  sutHcient  quantity  to  run  the 
furnace  several  heats  upon  one  mixture.  Part  of  the  time  the  furnace 
was  run  day  and  night  continuously,  making  then  6  heats  in  24  hours, 
averaging  507  lbs.  of  muck  bar  at  a  heat.  Since  then  the  lieats  have 
been  mucli  shortened. 

The  mixtures  were  all  moulded  15  inches  high  into  the  annular 
cylindrical  shape,  being  8i  inches  outside  diameter,  and  cored  from  top 
to  bottom  '^^  inches  diameter,  and  for  more  uniform  heat  circulation  tliey 
were  cross  cored  throuo-h  and  throuo;h  at  the  base.  W"\\\\  cinder 
mixture  they  contained  each  4<S  lbs.  of  cinder,  and  of  ore  alone  52  lbs., 
while  the  weight  varied  between  these  points  in  proportion  to  the 
variation  <if  the  ore  and  cinder  mixed  together. 

In  every  one  of  these  tests  the  iron  oxide  was  reduc.ed  to  metal, 
balled,  squeezed  in  a  rotary  squeezer  and  rolled  to  muck  bar  at  the 
same  heat,  presenting  in  lengths  and  appearance  the  ordinary  muck 
bar  from  pig  iron.  The  average  period  of  the  heat-^  was  o  hours, 
while  the  yield  of  the  whole  in  weighed  muck  l)ar  was  al^out  32  per 
cent,  of  the  weight  of  the  oxide. 

At  the  previous  test,  before  referred  to,  the  heat  was  2^  hours  and 
the  yield  larger.  This  is  accoinited  for  mainly  by  the  lesser  thickness 
of  tiie  moulded  shapes,  which  admitted  more  rapid  heat  penetration. 
The  cost  of  moulding  pipes  of  the  less  thickness  by  machinery  is 
com[)aratively  trifling  in  comparison  with  the  quickened  production 
and  reduced  cost  of  the  metal. 

A  greater  advantage  will  be  gained  in  doubling  the  hearth  capacity 
to  twice  that  of  the  ordinary  double  puddling  furnace.     Then  1000' 
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lbs.  of  iron,  with  no  more  labor,  may  be  as  easily  produced  at  a  heat  as 
500  lbs.  has  already  been  done  with  the  pre.sent  size. 

Such  increased  furnace  proportions  would  not  be  as  economical  for 
puddling  pig  iron,  but  as  by  this  system  the  carbonic  oxide  generated 
by  the  metal  mixture  itself  is  largely  depended  upon  as  a  heating 
power,  and  it  is  distributed  ov^er  the  entire  hearth  surface,  the  condi- 
tions are  quite  different  from  puddling  pig  iron.  In  this  case  the  pure 
>oxygen  of  the  metal  mixture  from  all  parts  of  the  hearth  readily 
finds  for  itself  (without  furnace  labor  upon  it)  atoms  of  carbon  in 
-close  contact  with  which  to  assimilate  and  generate  heat. 

In  puddling  pig  iron  the  2  or  3  per  cent,  of  carbon  it  contains 
is  prevented  from  escaping  by  the  melted  metal.  Its  exit  is  sealed, 
or  at  least  very  much  retarded,  by  the  weight  of  the  melted  metal,  and 
it  is  only  after  excessively  laborious  "rabbling"  or  stirring  that  the 
•way  is  opened  for  its  escape.  Thus  allowed  to  volatilize,  it  combines 
with  oxygen  into  carbonic  oxide,  but  as  three-fourths  of  the  furnace 
gas  is  nitrogen,  for  Avhich  carbon  has  no  affinity,  it  becomes  necessary 
to  pass  large  volumes  of  air  very  rapidly  through  the  furnace,  in  order 
to  have  sufficient  oxygen  present  with  which  the  carbon  may  combine. 
With  the  swift  movement  of  these  air  currents,  sweeping  like  a  whirl- 
wind through  the  furnace,  much  of  the  carbon  from  the  pig  is  passed 
off  undecomposed,  and  along  with  it  vast  volumes  from  the  fuel,  ren- 
dering the  top  of  the  stack  a  constant  monitor  of  wasteful  combustion. 

The  following  analyses  have  been  made  by  the  direction  of  David 
Heeves,  Esq.,  President  of  the  Phoenix  Iron  Company,  by  whose  kind 
permission  I  use  them. 

An  analysis  of   the  27,425   lbs.  of  puddle  cinder  referred  to  as 
-recently  worked  proved  its  composition  to  be 

Silica,  ......  17'710 

Iron,  .....         54-290 

Phosphorus,     .....     1-960 

Sulphur,     .....  -280 

The  ore  used  was  magnetic  known  as  "  old  bed  Lake  Champlain," 
such  as  is  usually  used  for  fix,  and  highly  charged  with  pho.sphorus. 

Fluxes  and  bituminous  coal  were  mingled  in  different  proportions 
with  a  varied  combination  of  cinder,  scale  and  ore,  and  consecutively 
numbered. 

No.  1  Mas  composed  of  (jOOO  lbs.  of  cinder  alone.  An  analysis 
of  the  1(390  lbs.  of  nuick  bar  produced  from  it  showed  it  to  contain 
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Silica,   ......  '48 

Phosphorus,  .  .  .  .  "40 

No.  2  was  a  mixture  of  two-thirds  cinder  and  one-third   "  old   hed 
Champlain  "  ore,  making  GOOO  lbs.  in  all.     The  1644  lbs.  of  muck 
bar  it  produced  analyzed 

Silica,   ......         •45 

Phosphorus,  ....  '37 

No.  3  was  of  6000  lbs.  of  cinder  alone,  but  Huxcd  ditferently  from 
No.  1,  and  the  analysis  of  its  1853  lbs.  of  muck  bar  was 

Silica,  ......         '35 

Phosphorus,  ....  '38 

No.  4  was  composed  of  1200   lbs.  "old  bed  Champlain  "  ore  and 
4800  lbs.  of  cinder.     The  1842  lbs.  of  muck  bar  from  it  analyzed 
Silica,    ......  'oo  ' 

Phos])liorus,  ....  "55 

No.  5  was  a  mixture  of  2400   lbs.  iron  scale  and  4S0O  ll>s.  cinder. 
The  2183  lbs.  of  puddle  bar  it  produced  analyzed 

Silica,   ......         •2!» 

Phosphorus,  ....  "36 

No.  6  was  exclusively  of  4673  ll>s.  of  "  t)ld  bed"  ore,  Avhercas  tht^ 
analysis  of  1437  lbs.  of  puddle  bar  from  it  showed 

Silica,  ...  .  .  .  .         -62 

Phosphorus,  ....  "If) 

No.  7,  with   a  ditt'ercnt   mixture  of  fluxes   from  any  of  the  others^ 
was  composed  entirely  of  1887  lbs.  of  cinder.     The  537  lbs.  of  muck 
bar  analyzed 

Silica,   .  .  .  .  .  .  -26 

Phosi)horus,  ....  -38 

Some  important  conclusions  may  be  deduced  from  these  experiments. 
For  instance,  in  the  mixture  No.  3,  the  6000  lbs.  of  puddle  cinder 
contained,  by  analysis,  17-7  of  silica,  or  1062  lbs.  of  the  entire  weight, 
whereas  the  analysis  of  its  muck  bar  sliowcd  it  contained  only  --^ff^^  of 
one  per  cent.,  or  61  lbs.  This  is  an  elimination  of  1(»56  li)s.  of  silica 
from  the  1853  lbs.  of  nuick  bar  producetl  from  this  mixture. 

Again,  the  analysis  of  this  No.  3  puddle  cinder  showed  it  contained 
1*96  per  cent,  or  117  lbs.  of  phosphorus,  while  the  analysis  of  the 
nuick  bar  contained  only  '^^\  per  cent,  or  7  lbs.  Here  is  an  elimina- 
tion of  llOj''^  lbs.  of  phosphorus  out  of  117-^  lbs.  which  the  1853 
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lbs.  of  muck  l3ar,  made  from  the  (3000   lbs.  of  cinder,  originally  con- 
tained. 

By  referrintr  to  my  first  paper,  it  will  be  observed  that  an  analysis 
of  a  -finished  bar,  made  by  tliis  process  from  Republic  ore,  sho\yed  an 
elimination  of  |  of  the  j^hosphorus,  l)ut  the  foregoing  shows  even  a 
better  result  from  the  muck  bar  from  i^uddle  einder  carrying  I'^^j^per 
cent,  of  phosphorus,  while  Republie  ore  only  contains  'yw^o  P^^'  ^'^"^• 
I  deduce  from  this  that  the  proportion  of  phosjiliorus  eliminated, 
Avhether  the  quantity  be  large  or  small  in  the  ore  or  cinder  to  be 
Avorked,  will  always  Ije  such  as  to  give  value  to  a  highly  phosphoritic 
metal  mixture  reduced  to  iron  by  this  process. 

This  system  is  cdso  applicable,  not  only  for  iron  oxides,  but  for  all 
other  metallic  oxides  requiring  reduction. 

An 'examination  of  the  entire  seven  analyses  shows  results  substan- 
tially alike,  and  proves  how  thoroughly  impurities  are  separated  in  a 
few  hours  by  this  method. 

Here  is  another  important  deduction,  proving  that  even  low-grade 
ores  may  be  profitably  worked  upon  this  system.  The  mixture  Xo.  4 
was  composed  of  4800  lbs.  of  puddle  cinder  and  1200  lbs.  of  "old 
bed"  ore.  To  this  (3000  lbs.  of  metal  mixture  was  added  12|^  per 
cent,  of  earthy  matter,  so  that  the  entire  fpiantity  of  earthy  matter 
contained  amounted  to  1(317  lbs.,  while  the  1842  lbs.  of  muck  bar 
produced  from  it  contained  only  "oo  per  ceiU.  or  lOy^^  lbs.  of  earthy 
residuum.  An  elimination  of  1607  lbs.  out  of  1(317  lbs.  originally 
contained  in  the  metal  mixture. 

This  would  show  that  ore  or  puddle  cinder,  containing  30  per  cent, 
of  earthy  matter  in  all,  can  still  have  it  eliminated  down  to  -^^  of  one 
per  cent.,  and  I  believe  by  a  slight  increase  of  lime  it  may  be  entirely 
.'separated. 

This  fact  is  worthy  of  consideration  in  connection  with  the  low- 
o;rade  ores  which  so  generally  abound.  Throughout  the  coal 
measures  this  class  of  ores  are  found,  closely  interstratified  with  the 
fuel,  and  bv  reason  of  this  proximity  })roduce  iron  at  low  cost.  Yet 
because  of  the  preponderance  of  sul})hur  and  phosphorus,  they  are  not 
.satisfactorily  worked  alone  in  the  blast  furnace. 

Turning  to  the  recent  Geological  Survey  of  Pennsylvania,  vol.  "MM," 
page  179,  I  find  an  analysis  of  Westmoreland  county  ore  containing 
41  per  cent,  metallic  iron  and  50  per  cent,  volatile  impurities  and  less 
than  10  per  cent,  of  insoluble  residue.     This  is  a  type  of  a  large 
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varietv  of  ores  in  Camltria,  Huiitiniidon  ami,  in  fact,  throughout  the 
entire  bituminous  coal  Holds.  Many  of  those  ores  contain  nioro  than 
ton  per  cent,  of  earthy  matter,  hut  rarely  exceed  30  per  cent.,  which 
has  been  referred  to  as  so  satisfactorily  worked  in  the  mixture  desig- 
uated  as  No.  4,  Avhere  the  earthy  residuum  wa-  reduced  t<>  '-{'^\^  of  one 
per  cent. 

The  lacilitv  of  eliminatinii-  phosphoi-us  so  larti'ely  from  ]>uddle  cin- 
der containing  nearly  2  per  cent.,  as  ha>  Keen  pi-oxcd  l»y  tin.'  foregoing 
analyses,  should  be  quite  <'onclusivo  that  the  j)ho>j»horus  can  bo  readily 
removed  from  these  ores  of  the  coal  formation  when  nuick  Ijar  would 
then  be  produced  from  them  at  one  heat  n<jt  only  at  the  lowest  j)ossible 
cost  but  of  a  very  superior  (piality. 

I  have  dwelt  upon  this  branch  of  the  subject  because  of  its  econo- 
mic im|)ortance.  If  the  gaseous  and  earthy  impurities  can  bo  so  easily 
removed  from  low-grade  ores,  as  the  result  of  the  analysi-^  of  the  No. 
'4  mixture  Avould  seem  to  prove,  then  the  Held  of  usefulness  of  this 
system  will  be  much  enlarged. 

Within  the  last  two  weeks,  still  more  satisfactory  results  have  been 
obtained  from  working  the  charcoal-forgo  cinders  at  the  forgo  of  the 
AA'ashburn  cV:  ]\Ioen  ^Manufacturing  Company,  at  C^uinsigamond,  Mas- 
sachusetts. From  these  cinders,  1704  lbs.  of  blooms  wore  pntducod 
from  a  small  sand  bottom  reverberatory  furnace,  there  being  none  there 
with  cinder  bottom. 

The  average  yield,  from  the  entiiv  (piantity  of  cinder  u>ed.  was  o8 
j)er  cent,  of  its  weight  in  forged  blooms.  It  teas  not  unusual  to  sliin- 
(/!('  blooms  of  loO  to  180  lbs.  in  one  hour  from  tJic  time  tJir  )nixiure  u-a.s 
charged  in  the  furnace,  while  the  aceragc  length  of  the  heats  did  not 
exceed  Ih  hours.  Four  heats  Mere  made  between  ten  o'clock  and  live, 
being  an  average  of  If  horn's,  including  the  usual  delays  in  repairing 
a  sand  bottom.  Dooxidation  was  accomplished  by  using  the  tine 
breeze  or  dust  charcoal,  which  is  now  wasted  at  charcoal  forges.  In  this 
instanc-o  the  tul)es  were  15  in.  high,  8  in.  diameter  and  2 J  in.  thickness. 

The  blooms  thus  j)roducod,  while  still  hot,  were  for  a  few  minutes 
reheated  and  then  rolled  to  nuiek  bars.  Those  l)ars  were  cut  up  and, 
Avith  an  equal  quantity'  of  scrap,  sunk  in  the  charcoal-forge  fire,  then 
forged,  reheated  and  rolled  down  to  1^  int'h  Mire  rods,  -with  n(»  more 
than  the  usual  Maste  in  sinking  iron  in  cluu\x>al  fires. 

The  rods  so  proiluced  have  all  been  rolled  doM-n  to  Xo.  G  wire,  ami 
part  of  it  has  been  drawn  to  Xo.  12  size,  Avith  the  intention  to  draw  it 
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still  finer  if  the  stock  will  permit.  Both  the  analyses,  tensile  strength 
and  various  further  tests  of  this  forge  cinder  iron  is  expected  to  be 
fully  obtained  within  the  next  few  Aveeks  by  this  company. 

The  few  experiments  herein  described  have  been  the  first  attempt  to 
make  wire  from  cinders  to  my  knowledge,  and  it  is  possible  that  the 
practical  working  of  it  may  prove  that  the  metal  mixture  was  not 
sufficiently  basic  to  eliminate  enough  silica  and  phosphorus  to  produce 
a  very  fine  wire.  Should  such  be  the  case,  the  difficulty  can  easily  be 
removed  in  the  future  by  slightly  increasing  the  proportion  of  lime. 

There  are  several  elements  of  economy  by  this  method  that  cannot 
be  attained  by  jiroducing  pig  iron  from  ore  and  then  puddling  it.  Ta 
produce  pig,  it  is  essential  to  roast  refractory  and  very  impure  ores 
and  cinders  before  charging  them  in  the  blast  furnace.  This  is  required 
in  order  to  expel  volatile  impurities  as  far  as  possible,  as  well  as  to 
render  them  more  poroas  for  the  mingling  of  the  gases. 

Roasting  is  unnecessary  for  this  direct  method.  By  grinding  the 
mixture  together,  properly  proportioned,  there  is  such  close  atomic  con- 
tact created  between  the  particles  that  reduction  takes  place  rapidly 
without  roasting.     This  is  one  element  of  economy. 

Usually  the  mixture  has  been  ground  as  fine  as  coarse  Indian  meal^ 
but  in  the  last  experiment  with  forge  cinder  at  Quinsigamond,  just 
referred  to,  one  of  the  mixtures  was  composed  of  one-half  the  cinder 
crashed  lo  the  size  of  small  beans  and  the  other  half  as  fine  as  meal. 
The  yield  in  metal  and  length  of  heat  did  not  vary  from  that  of  the 
other  forge  cinder  mixtures  there,  which  were  all  ground  fine,  proving 
that  very  fine  pulverization  is  unnecessary  for  forge  cinders. 

Another  element  of  economy  is  in  the  item  of  fuel.  Blast  furnaces 
using  bituminous  coal  require  it  to  be  coked,  the  better  to  carry  the 
burden  and  secure  greater  purity  of  the  gases  from  it.  This  opera- 
tion of  coking  wastes  a  large  portion  of  the  combustible  gases  which 
should  be  used  in  reduction.  Coking  is  unnecessary  by  this  new  sys- 
tem. Its  cost  and  waste  is  saved.  Bituminous  coal,  both  for  deoxid- 
izing and  fuel,  is  used  without  coking,  and  repeated  analyses  prove 
the  iron  is  freed  not  only  from  its  own  impurities,  but  that  it  is  uncon- 
taniinated  by  the  impurities  of  the  coal. 

Still  another  economy  may  be  counted  upon.  It  is  necessary  to  run 
the  liquid  pig  iron  from  the  blast  furnace  into  moulds,  which  are 
freshly  prepared,  at  considerable  expense,  for  every  cast.  By  this 
direct  system,  the  metal  mixture,  automatically  ground,  mixed  and 
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moulded,  is  charged  at  once  into  the  reverberatory  furnace  as  has  been 
explained.  The  entire  cost  for  hibor  uj)  to  this  point  is  less  than  blast 
furnace  lal)or. 

Pig  metal  must  be  Ijruken  before  charging.  It  comes  to  the  pu<l- 
dling  furnace  cold,  must  be  reheated  and  rabljled  with  exhausting 
physical  labor,  and  at  an  intense  heat,  in  order  to  separate  the  inti- 
mately combined  carbon  and  silica,  before  it  is  change<l  to  ^^TOught 
iron  ready  for  the  squeezer  and  rolls. 

By  this  system  the  metal  mixture  is  reducetl  to  a  wrought  or  malle- 
able condition  at  one  operation  from  the  ore.  In  1^  to  2A  hours, 
according  t(»  the  thickness  of  the  moulded  shapes,  it  is  ready  for  the 
squeezer  and  rolls,  and  is  brought  to  nuick  bar.  It  is  then  not  only 
of  superior  (piality  to  puddleil  iron,  but  is  one  step  in  advance  of  it  in 
the  process  of  manufacture;  a  step  which  re([uires  from  ^\'2  to  Slo 
per  ton  outlay  on  the  pig  iron  to  bring  it  to  a  malleable  condition. 

If  the  balled  iron  has  been  made  from  material  nearly  free  from 
phos])horus,  without  squeezing,  in  its  heated  state,  it  may  be  trausferretl 
tt>  and  melted  in  the  open  hearth  bath  for  steel,  when  it  will  separate 
from  its  earthy  impurities  by  [)recij)itation,  li',  on  the  contrary,  the 
stock  originally  contained  an  objectionable  ])ercentage  of  phos]>hi»ru>, 
the  slag  into  wliich  tlie  }>hosph()rus  has  been  incorporated  nuist  tir>t  be 
squeezed  out  to  guard  against  a  second  combination  with  the  metal. 
Then  the  bloom,  in  its  then  highly  heatetl  state,  may  be  at  once  melted 
in  the  bath,  with  the  certainty  of  being  freed  from  phosphorus.  In 
either  case  a  superior,  cheap  and  uniform  quality  of  metal  is  assured, 
adaptable,  at  pleasure,  to  any  purpose  required,  from  the  best  ingot 
iron,  low  in  carbon,  to  the  finest  grades  of  high  steel. 

Practical  tests,  on  a  regular  working  scale,  have  thus  far  proved 
that  the  metal  by  this  system  will  produce  the  finest  grades  of  crucible, 
or  (^>pen-hearth  steel.  Sunk  in  charcoal  it  makes  fine  grades  of  tough 
sheet  iron,  both  of  black  and  planished  iron.  Tests,  not  yet  fidly 
completed,  are  sufficiently  advanced  to  prove  that  it  will  make  a  g(MKl 
quality  of  wire.  In  addition  to  this,  as  it  can  be  prove<l  that  its  t-ost 
is  nmch  below  the  cost  of  ordinary  scrap  or  puddltnl  iron — that  its 
nuKle  of  working  is  sinq)ler — that  the  cost  for  plant  for  a  given  ipian- 
tity  of  iron  or  steel  is  very  low — and  that  impiu'c  ores  or  cindei*s  may 
be  worked  with  s;ifety,  the  process  may  reasonably  commend  itself  to 
the  dose  investigatii»n  of  manufactinvrs. 
Whole  No.  Vol.  CXI  I.— (Third  Series,  Vol.  Ixxxii.)  '1 
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DISCUSSION 

Of  the  Papers  of  C.  P.  Sandberg  on  "Pail  Specifications  and  Pail 
Inspection  in  Puropje,'^  of  C.  B.  Dudley  on  the  "  Wecwinr/  Capacitij 
of  Steel  Pails  in  Relation  to  their  Chemiccd  Composition  and  Phys- 
ical Properties,'^  and  of  A.  L.  Holley  on  "Rail  Patterns,''  at  the 
Philadelpjhia  lleetitig  of  the  American  Institide  of  Mining  Engineers, 
held  at  the  Franhlin  Institute,  February  17th,  ISSI^ 


AsHBEL  Welch,  Lanibertville,  N.  J. — Dr.  Diidlev  has  given  the 
wear  of  steel  rails  under  four  different  conditions.  He  arrives  at  the 
conclusion  that  the  softer  rails,  or  those  that  from  their  composition 
ought  to  be  softer,  wear  better  than  the  harder.  But  there  is  another 
condition  which  lias  an  im])ortant  bearing  on  the  subject,  and  should 
not  be  overlooked — the  weight  on  a  wheel.  With  the  lighter  weights 
of  the  ])ast,  the  softer  rails  may  have  worn  best ;  M'ith  the  heavier 
weights  of  the  future  the  harder  may  wear  best.  Weights  will  pro- 
bably be  increased  up  to  the  capacity  of  steel  to  bear;  then,  doubtless, 
the  harder  steel  will  wear  best. 

A  leaden  rail,  with  10  pounds  on  a  wheel,  might  carry  millions  of 
tons,  but  with  100  pounds  (»n  a  wheel  it  would  be  destroyed  by  a  few 
thousand  tons.  So  in  the  days  of  iron  rails,  my  exj)erience  Avas  that 
the  softer  rails  under  light  machinery  stood  better  than  some  of  the 
harder;  but  under  heavy  machinery  the  softer  were  much  the  most 
rapidly  destroyed.     It  is  doubtless  the  same  with  steel. 

The  pounding  motion  of  the  wheels  loosens  or  spreads  the  particles 
of  a  thin  film  of  steel;  the  pull  lengthwise  on  the  rail  detaches  or 
scrapes  them  off.  The  softer  the  metal,  the  more  liable  the  particles  to 
spread  or  flow  sideways ;  the  more  brittle,  the  more  liable  the  particles 
to  break  loose.  AVith  light  machinery,  flowing  may  be  practically 
nothing,  with  heavy  machinery  it  may  be  enough  to  wear  the  rail  out 

*Tlie  remarks  as  here  given,  as  in  the  previous  discussion  of  Dr.  Dudley's  papers, 
have  all  l>een  written  out  or  i-evised  by  the  participants  in  the  discussion,  and  repre- 
sent, therefore,  their  mature  views.  It  has  l)een  tiiought  that  tliis  plan,  wlicn  it  can 
be  carried  out  without  doing  any  of  the  sjjeakers  injustice  in  debate,  is  imich  to  be 
preferred  to  a  strictly  verbatim  report.  Tlie  remarks  of  Mr.  C'hanute  were  sent  to 
tlie  Secretary  after  the  meeting,  and  although  they  did  not  form  a  part  of  the  actual 
discussion,  there  can  l)e  no  doubt  of  the  desirability  of  including  tlieni  in  this  rei>nrt. 

l-'or  Dr.  Dudley's  paper  see  JotTRXAi.  forMarcli  and  Axiril,  18S1. 
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verv  rapidly.  At  a  certain  point  doublini^  the  weight  mioht  increase 
the  flow  tenfold.  The  Imrder  the  metal,  withont  decrease  of"  tenacity, 
or  increase  of  brittleness,  the  l)etter  we  shonld  expect  it  to  wear.  All 
may  depend  on  what  is  left  in,  or  used  to  make  it  liard. 

Dr.  Dudley's  observations  give  us  incidentally  the  difference  in  weai- 
per  million  of  tons  carried,  caused  by  difference  of  Aveight  on  a  wheel. 
On  the  south  or  loaded  track  the  gross  tonnage  was  8,(J00,000  per 
annum,  on  the  nortli  or  light  track  5,000,000.  As  •  about  the  same 
number  of  wheels  must  have  gone  one  way  as  the  other,  the  average 
weight  on  a  wheel  must  have  been  60  })er  cent,  more  on  the  loaded 
track  than  on  the  light.  The  wear  per  million  of  tons  gross  load,  a-^ 
found  by  summing  uj)  the  wear  on  each  rail,  averages  31  per  cent, 
more  on  the  loaded  than  on  the  light  track.  So,  in  this  case,  the  wear 
per  ton  of  gross  load  increased  as  the  0'6  power  of  the  weight  <>ii  a 
Avheel.  With  iron  rails  in  former  years  it  increased  much  faster  than 
this  rate.  As  machinery  becomes  heavier  it  will  doubthx-s  increase 
faster  with  steel. 

As  the  same  engines  and  tenders  with  the  same  weights  on   a  wheel 

])assed  over  each  track,  and  as  the  speeds  were  probably  greatest  on 

the  light  track,  the  difference  in  wear  due  to  difference  in  weight  on 

the   freight-car   wheels   was  probably  greater   than   above   estimated. 

rr,,  .  .  ,  ,  r  •  W  11  ,  ,  /20000  +  2O0O0\ 
ihe  lormer  weigiits  on  a  ireight-car  wheel  was  al)oiit  I ' I 

=5000    i)ounds.     The     weights    now    eoniing     into   use    are    aboiii 

/  24000 +  40000\        y,.,,,.  ,  .  ,..,.,  ^  , 

I 1    ^8000  i)ounds,  an  increase  ol  bd  per  cent,  over  the 

M'cights  when  the  wear  reported  took  place.  This  may  entirely  change 
the  relative  rates  of  wear  of  hard  and  soft  steel. 

Several  interesting  inferences  seem  to  be  dediicible  from  l)r.  Hud- 
ley's  observations,  but  I  confine  myself  to  the  single  jwint  I  have 
made.  Ten  years  ago  1  found  the  wear  of  steel  on  the  roads  between 
'  Philadelpliia  and  New  York  about  50  per  cent,  more  than  Dr.  Dud- 
ley found  it  on  his  road.  This  is  accounted  for  by  the  better  road- 
l)ed  and  smaller  pn^portion  of  j)assenger  trains  at  high  sj^eed  on  the 
Pennsylvania  Railroad,  by  the  narrow-gauge  cars  on  wider  gauge 
roads  as  it  then  was,  and  especially  by  the  steel  rails  between  here  an»l 
New  York  l)eing  then  only  in  the  worst  places.  The  softer  Shettield 
rails,  made  from  Swedish  pig,  wore  better  than  either  of  the  two  hanler 
kinds  I  got  from  France. 
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Dr.  Dudley's  conclusion  seems  to  be  that  rails  should  approach  the 
condition  of  Bessemer  iron.  I  found  that  the  wear  of  iron  rails  from 
Bethlehem  was  about  25  per  cent,  more  than  that  of  steel  from  Shef- 
field, laid  in  the  same  track  and  under  the  same  circumstances.  This, 
however,  does  not  show  the  relative  durations  of  the  rails,  for  steel, 
owing  to  its  elasticity,  is  only  injured  on  the  surface,  and  will  wear 
till  it  is  reduced  to  a  skeleton;  while  iron  is  affected  all  through  by 
each  blow,  and  will  fUially  go  to  pieces  before  it  is  worn  down.  The 
point  I  make  is,  that  though  the  softer  steel  may  have  worn  best 
under  the  lighter  machinery  of  the  past,  it  does  not  follow  that  it  will 
Avear  best  under  the  heavier  machinery  of  the  future. 

The  patterns  of  steel  rails  now  displayed,  and  the  papers  of  ^Ir. 
Sandberg  and  of  Mr.  Holley,  with  the  allusion  that  has  been  made  to- 
the  history  of  the  now  accepted  forms,  make  it  proper  to  give  a  short 
historical  notice  of  the  first  rails  which  had  certain  characteristics  com- 
mon to  all  these  patterns,  and  of  the  principles  on  which  they  were 
made. 

The  early  steel  rails,  copied  after  the  iron,  had  very  heavy  bases  and 
stems,  and  no  flat  surfaces  for  fishing.  One-fifth  to  one-eighth  of  the 
metal  put  into  them  did  little  or  no  good,  and  the  fish  splice,  tiien 
coming  to  be  recognized  as  the  best,  could  not  be  used  to  advantage. 
The  useless  weight  made  steel  rails  so  expensive  that  they  came  into 
use  very  slowly.  In  1865  I  made  a  pattern  to  avoid  these  faults, 
guided  by  the  following  considerations :  The  theory  then  was,  and  I 
suppose  is  yet,  that  a  blow  on  iron  such  as  that  given  by  a  locomotive 
wheel,  is  felt  all  through  the  metal,  and  produces  a  permanent  though 
minute  disintegration  or  change  of  form,  the  accumulations  of  which 
must  in  time  weaken  and  umveld  the  base  and  stem  as  well  as  the  head 
of  the  rail,  and  so  extra  metal  must  be  put  into  the  lower  part  of  the 
rail  to  compensate  for  this  gradual  weakening ;  but  that  in  steel,  owing 
to  its  elasticity,  such  a  blow  produces  no  permanent  effect  on  the  metal, 
except  at  the  surface.  Therefore,  the  stem  and  base  of  steel  may  be 
very  much  lighter  than  of  iron,  not  only  on  account  of  its  greater 
strength,  and  freedom  from  welds,  but  also  from  its  immunity  from 
deterioration  by  use.  Hence,  all  the  metal  possible  should  be  in  the 
head  where  the  wear  is;  and  as  little  as  consistent  with  safety  in  the 
stem  and  base  where  there  is  no  wear,  and  with  steel  no  deterioration. 
In  England,  where  the  supports  are  far  apart,  strength  and  stiffness 
are  primary  considerations;  in  this  country,  where  the  supports  are 
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close  together,  other  considerations  engross  attention.  Tlie  width  of 
the  base  should  be  determined  by  the  endurance  of  the  Mood  it  is  to 
set  on,  and  for  tliis  purpose  must  be  much  greater  than  is  necessary 
for  strength  or  to  prevent  upsetting.  Partly  from  calcuhitif»n  and 
partly  from  observing  the  behavior  of  iron  and  steel  in  circumstances 
somewhat  similar,  I  made  uj)  my  mind  that  three-eiglits  of  an  inch 
thickness  of  stem  was  ample  to  bear  the  weights  and  the  shocks,  ver- 
tical and  lateral,  of  the  machinery  then  in  use,  and  that  an  eightii 
thickness  at  the  edge  of  the  base  was  sufficient  to  transmit  to  tlie  wood 
all  the  pressure  its  fibres  would  bear. 

In  accordance  with  these  views,  but  conceding  something  for  the 
sake  of  abundant  safety  and  the  facility  of  manufacture,  I  made  a 
pattern  with  4  inches  height,  4  inches  base,  head  2'^  wideXlj  deep, 
stem  7-16  thick,  and  edge  of  base  3-16  thick,  weighing  53  jwunds  t<> 
the  yard.  Assuming  that  fishing  made  the  best  joint,  I  made  ^^as  I 
had  previously  done  in  very  slender  iron  rails)  the  under  side  of  the 
bead  and  top  of  the  base  plane  surfaces,  as  broad  as  possible,  so  as  to 
give  a  perfect  and  broad  bearing  to  the  edges  of  the  fish-plates,  and  as 
near  horizontal  as  possible,  so  as  to  lessen  the  tendency  of  the  fish-plate 
to  work  out  by  the  jar. 

This  pattern  was  condemned  by  every  engineer  to  whom  it  was 
shown,  on  the  ground  that  it  ^vas  too  weak,  and  could  not  l)e  rolled. 
I  was  fully  aware  of  the.difficulties  of  manufacture,  but  was  confident 
they  could  be  overcome.  In  one  point  I  yielded  too  much  to  the 
manufacturers — rounding  off  the  corners  on  the  under  side  of  the  head. 

After  long  negotiations,  an  order  for  200  tons  for  trial  was  accepted 
by  Xaylor  &  Co.,  in  August,  1866,  and  sent  to  England  to  be  exe- 
cuted. There  everybody  that  saw  it  condemned  it,  and  for  several 
months  John  Brown  &  Co.  refused  to  roll  a  rail  of  such  a  preposter- 
ous shape.  As  I  wished  to  have  an  extreme  test  of  the  correctness  of 
my  ideas,  I  insisted  on  the  j^erformance  of  the  contract.  At  last  the 
rails  were  rolled,  tested  by  Kirkaldy  in  London,  and  in  the  spring  of 
1867  laid  down  in  some  of  the  hardest  places  between  this  city  and 
New  York.  Several  Inmdred  tons  of  tlie  same  pattern  were  laid  the 
next  season.  I  continued  to  watch  and  test  them  carefully  for  eight 
years,  and  so  far  as  I  could  find  not  one  ever  broke,  bent  ov  com- 
pressed in  the  stem,  or  gave  out  in  any  other  way. 

Thus  the  principles  on  which  this  pattern  was  made,  and  its  pro- 
portions with  the  machinery  then  in  use,  were  shown  to  be  correct  iis 
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seen  from  the  coiisamer.s'  point  ot"  view.  It  luid  as  big  a  head  and 
wore  a.s  long/and  was  as  free  from  accident  as  previous  steel  rails  20 
per  cent,  heavier.  Some  manufacturers  in  this  country  condemn  the 
pattern  because,  without  trial,  they  believed  it  could  not  be  safely 
rolled.  But  John  Brown  &  Co.,  after  trial,  believed  it  could  be,  and 
showed  their  confidence  by  soliciting  an  order  for  10,000  tons  more  of 
the  .same  pattern.  » 

The  principles  of  this  pattern,  with  the  proportions  slightly  modi- 
fied, were  gradually,  and  are  now  generally,  adopted.  Mr.  Hinckley, 
after  a  year's  observation,  adopted  the  pattern  with  a  very  slight  addi- 
tion to  the  metal  below  the  head,  and  in  1868  relaid  one  track  with  it 
from  this  city  to  Baltimore,  where  the  rails  may  still  be  .seen. 

In  1874,  Mr.  Chanute  on  the  Erie,  and  Mr.  Sayer  on  the  Lehigh 
Valley,  sinmltaneously,  and  without  concert,  adopted  the  sloping  sides 
of  the  head,  which  important  feature  is  now  in  general  use. 

In  1870,  Sandberg's  patterns  were  published,  embodying  the  .same 
principles  with  the  angles  and  proportions  slightly  different.  Whether 
he  knew  what  had  been  done  before  I  do  not  know.  Doubtless  the 
same  considerations  on  which  I  acted  occurred  to  many  others. 

As  the  machinery  is  now  much  heavier  than  in  1866,  and  steel  not 
now  .so  good  as  that  made  by  John  Brown  tSi  Co.  from  Swedish  pig, 
and  as  the  price  of  steel  is  very  much  lower,  a  small  saving  in  weight 
is  of  less  importance.  I  have  nothing  to  say  against  the  somewhat 
heavier  proportions  now  generally  used;  for  example,  J-iuch  stem 
instead  of  -^  and  ^-inch  thickness  at  edge  of  base  instead  of  -^. 

In  Sandberg's  new  patterns  of  1878  he  has,  however,  adopted  almost 
the  identical  proportions  I  used  in  1866.  His  thickness  of  stem  is 
exactly,  and  thickness  of  the  edge  of  the  base  is  very  nearly  the  same. 
His  fishing  angle  which,  in  1870,  was  22°,  is  now  30° ;  mine  was 
always  28°.  It  is  gratifying  to  find  that  so  able  an  engineer,  after  so 
wide  and  so  long  experience,  has  within  the  last  three  years  settled 
down  upon  the  proportions  I  adopted  fifteen  years  ago,  and  which, 
before  they  were  tested,  were  so  universally  condemned,  especially  in 
the  very  dimensions  now  adopted  by  him. 

I  think  Sandberg's  heads  are  too  convex,  and  his  bases  rather  nar- 
row. In  America  bases  are  always  far  wider  than  stiffness  and  stabil- 
ity required,  the  practical  question  being.  What  width  of  bearing  does 
the  timber  recpiire?     Where  chestnut  ties  are  used  the  b;ise  should  be- 
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between   the  liei;il)(   ail»l   bitH.'. 

riie  old  plan  was  to  increase  every  |»art  of  ;i  rail  nnieh  in  tiie  .^;inie 
|)r<)|>ortioii ;  l>nt  eaeh  jtart  niioiiltl  l>e  in  projtortion  to  wliat  it  li:iri  to 
<lo.  Tlio  liead  slionid  l)e  <lee|)  in  proportion  to  tlie  anioiiiit  of  tratKe 
and  the  lowness  ot"  the  rale  of  interest  on  it>  eo-;t.  The  IxkIv  n«-«'<I 
only  l»e  strong  enoiitrh  to  carry  the  head  after  it  is  well  worn  down, 
and  that  depentjs  on  (he  wfi<:;ht  ot"  the  nia«'hinery,  and  in  the  cjls*- of 
steel  has  little  to  do  with  the  V(»lunie  of  trallic,  excej)t  so  far  a>  that 
allects  weight  of  inachinerv.  As  on  most  railncid  systems,  the  sinie 
machinery  is  used  on  main  lines  with  heavy  iralli<-,  and  hram-hes  with 
lili'ht,  I  snjj;^ested,  in  1.S7I,  that  each  system  ad(»pt  the  same  IxhIv  ut" 
rail  for  both,  and  maUe  the  head  dee|)er  on  the  main  lines,  >hall«»wei' 
nn  the  branches.  This  plan  was  a<lopte<l  on  the  I'ennsylvania  Kail- 
road.      Sandber*;  seems  to  reco<;iii/.e  this  in  his  pallern>  nt'  IST-S. 

\\.  \\  .  Ill  Nr,  Ti'iy,  .\.  v.-  Auaiii  I 'i  •  1  hid  ley  present  >•  to. mr  con- 
sideration a  series  of  most  carefidly-condncted  experiment^,  and  while 
I  fnlly  ap|)reciate  the  labnr  and  thoii<.iht  thi-  wurU  lia->  cm-i  him,  I 
mn>'l  ^lill  hesitate  toaecc|)t  his  dednctiMii*. 

This  paper  dillers  iVom  the  previons  niic  in  ihat  it  deals  «'xclusively 
with  the  wearing-  »pialities  oi"  steel  rail-.  I  >r.  hndley  ^ives  his  rea-on 
tor  this  chani^e  in  the  followitiij  stat<'ment :  •'With  the  improvement 
in  maintenance  <»f  way  which  has  characteriz«'d  the  Pennsylvania 
Kailruad  dnrinti  the  last  tive  or  six  Near-,  the  removal  <>t"  rails  from 
the  ti'ack  iVom  the  lii'st  two  of  these  canses  ( /.  <■.,  bioUcii  an<l  crn^hed) 
has,  if  I  am  riuht.  (piite  notably  diminislu-d.  i'his  certaiidy  i'^  true 
with  regard  to  broken  rails.  And  it",  as  time  advances,  the  nnmlK'r  of 
crushed  rails  shall  diminish,  both  Ix-i-aiise  «i|"  the  c<>niinneil  improvt'- 
mcnt  in  maintenance  of  way  betore  referre<l  to,  and  bei-ause,  ow  ini;  to 
improved  and  better  metho<lsat  tiie  steel-works,  there  aiX'  fewer  <riislieil 
rails  caused  by  j)hysical  detects  in  the  steel,  the  «|Uestion  <>f"  the  wcarini^ 
capa<'ity  of  steel  rails  obviouslv  becomes  the  all-important  <>ne." 

(Vrtaiidy,  the  condition  ot"  the  road-bcti  lia>  much  to  do  with  mils 
breakiuii',  ciushini;  and  wearing.  If  tlii'  I'ennsylvania  an<l  other  rail- 
roads have  done  and  are  doinu;  their  part,  l>r.  I>u«lley  courtfou>ly 
admits  that  the  strol-works  havt'  pi-rtormed  part  ot"  tiieirs.  liut.  as 
tar  as  I  am  intormcd.  the  fornuilas  which  thev  have  usiil  have  Ixrii. 
and  WW  <tilK  <piiic  wide  of  tin-  one  he  continncs  to  nHMMumencl.       The 
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rails  which  are  not  breaking  or  crushing  to  so  great  an  extent  as  for- 
merly contain  higher  percentages  of  both  carbon  and  manganese.  I 
will  venture  the  assertion  that  Dr.  Dudley's  road  has  put  in  but  few 
rails  during  the  last  eighteen  months  that  have  not  contained  fully 
0  35  per  cent,  of  carbon  and  1  per  cent,  of  manganese.  And  probably 
the  use  of  this  forijiula  will  considerably  ante-date  the  time  mentioned. 
These  rails  do  not  break  or  crush,  because  they  were  laid  upon  a  better 
road-bed,  were  rolled  from  sounder  ingots,  were  carefully  hot-straight- 
ened, and,  if  I  may  be  permitted  a  Hibernianism,  were  cold-straight- 
ened while  still  hot.  But  how  will  they  wear  ?  For  an  answer  to 
that  we  must  wait. 

I  have  endeavored  to  study  carefully  Dr.  Dudley's  paper,  but  have 
failed  to  be  convinced  of  the  correctness  of  the  conclusions  which  he 
draws  from  the  chemical  analyses  and  physical  tests.  I  think  I  have 
no  prejudice  in  this  matter.  The  best  formula  for  steel  for  rails  is  as 
earnestly  desired  by  me  as  by  any  consumer  of  such  steel.  In  my 
judgment,  averages  in  such  investigations  are  exceedingly  dangerous, 
unless  made  from  an  immense  number  of  samples  taken  from  metal 
that  has  had  exactly  the  same  history.  By  this  I  mean  the  difterent 
samples  ought  to  have  been  blown  at  about  the  same  temperature,  cast 
under  the  same  conditions,  heated  alike,  rolled  at  the  same  heat  and 
under  the  same  reductions,  hot  and  cold  finished  alike,  placed  upon  the 
same  road-bed,  and  given  the .  same  amount  and  kind  of  wear.  This 
is  almost  an  impracticable  proposition,  but  the  failure  to  fulfill  it  can 
only  be  compensated  by  an  immense  number  of  other  samples. 

Some  of  us  told  Dr.  Dudley  before  that  his  twenty-five  samples 
were  too  few  upon  whicli  to  build  up  a  theory,  and  it  seems  a  little 
ungenerous  to  make  the  same  charge  against  his  present  sixty-four ; 
but  I  must  do  it.  These  sixty-four  tests  are  not  taken  from  rails 
which  have  been  subjected  to  the  same  conditions;  on  the  contrary, 
"sixteen  of  these  rails  were  taken  from  level  tangents  and  sixteen  from 
level  curves,  eight  from  the  high  side  and  eight  from  the  low  side  of 
the  curves.  Again,  sixteen  rails  were  taken  from  grade  tangents  and 
sixteen  from  grade  curves,  eight  from  the  high  side  and  eight  from  tiie 
low  side  of  these  curves."  Asking  for  so  great  a  number  of  tests  means 
a  tremendous  amount  of  work  and  patience,  but  Dr.  Dudley  has  taken 
up  one  of  the  most  difficult  problems,  and  must  not  be  contented  with 
a  partial  investigation.     It  took  some  of  us  a  long  time  to  learn  how 
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to  make  Bessemer  steel  at  all ;  he  must  not  ex])ect  to  he  ahle  to  so  easily 
teach  us  how  to  mahe  the  best. 

To  illustrate  why  I  object  to  his  averages,  I  find  among  the  raiU 
taken  from  a  level  tangent  that  the  one  which  sliows  the  least  loss  in 
section  and  the  least  wear  per  million  tons  of  traffic  had  carbon,  0*423  ; 
phosphorus,  0"127;  silicon,  0"083;  manganese,  0*708 ;  while  another 
rail  presenting  within  three  of  the  worst  results,  iiad  carbon,  (»--}2.S  ; 
phosphorus,  0'109;  silic(m,  0*038;  manganese,  0'870.  The  next 
poorest  had  carbon,  0'452;  phosj)horus,  0*144;  silicon,  0*037,  and 
manganese,  0'708,  the  manganese  being  exactly  like  the  best.  The 
poor  steel  had  also  very  slightly  the  greatest  density.  The  difference 
between  0'452  of  carbon  and  0'423  and  0*428  could  easily  be  caused 
by  rolling  one  steel  at  a  liigher  iieat  than  the  other.  Again,  on  the 
low  side  of  level  curves  I  find  the  second  best  rail  had  carbon,  0*454 ; 
phosphorus,  0*145;  silicon,  0"O15;  manganese,  0*72<j,  while  the 
poorest  rail  had  carbon,  0'497;  phosphorus,  0*136;  silicon,  0*OG2: 
manganese,  0"724,  1  cannot  now  believe  that  the  slight  difference  in 
the  chemical  constituents  of  these  rails  caused  the  great  difference  in 
their  wear.  If  such  is  the  case,  then  I  for  one  stand  ajjpalhMl  at  the 
ilifliculties  which  surround  the  making  of  a  ])erfect  rail. 

As  l)efore  stated,  averages  are  dangerous.  Dr.  Dudley  make>  up 
a  I'orniuhi  from  the  averajj^es  of  his  investijjations,  but  admits  that  the 
silicon  j)ercentage  is  disttu'bed  by  an  abnormal  piece  of  steel.  No.  SSI. 
This  had  carbon,  0*483;  phosphorus,  0*035;  silicon,  0-4S();  man- 
ganese, 0*782,  and  stands  eighth  in  sixteen  tests.  It  may  be  remem- 
bered that  in  tiie  discussion  at  the  l]:dtimore  meeting  in  February, 
1879,  I  mentioned  a  rail  then  in  the  track  of  the  Boston  and  Albnny 
Railroad  that  contained  carbon,  0*360;  i)hosphorus,  0*124;  silicon. 
0*469;  manganese,  0*571,  and  \\hicli  had  then  ix-i'ii  in  the  track  five 
years.  That  rail  is  still  in  service  and  in  good  condition.  Here  we 
have  two  I'ails  nuuh'  by  widely-separated  works,  laid  in  the  tracks  ot" 
railroads  hundreds  of  miles  a})art — one  giving  eleven  years  and  one 
month  of  service,  and  then  not  worn  out,  i)ut,  on  the  contrary,  selected  a> 
a  "  slow- wearing  rail ";  the  other  one  goml  after  over  seven  yeai"S  of  wear. 
Will  we  take  the  average  composition  of  these  rails  which  did  not 
break,  nor  crush,  nor  rapidly  wear  out,  and  assume  that  carbon,  0*420; 
phos[)h-»rus,  0'079;  silicon,  0*474,  and  manganese,  0*676,  is  the  pro- 
j)er  formida  for  rail  steel  ".'     l^  not,  why  not".' 

Dr.  Dudley's  averages  of  his  32  samples  of  gooil  wearing  rails  gave 
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liiin  carbon,  O'o."]4;  |)ho.si)horu.s,  ()M)77;  silicon,  0"060;  niangane.se, 
0'491.  If  that  formnla  is  riglit,  stick  to  it.  In  fact,  .sucli  a  one  will 
be  better  for  both  tlie  i)r()(lucer  and  consumer  than  the  conipromi.se 
which  Dr.  Diidley  recoininentls.  J  think  every  .steel  maker  will  bear 
ine  out  in  .savin«;  that  sound  steel  can  be  more  easily  made  under  its 
provisions  than  with  carbon  from  ()"25  to  0'35;  phosphorus,  O'lO; 
silicon,  0'04;  manganese  ranging  from  ()'30  to  0*40,  aiming  at  0'.35. 
Theory  is  very  fascinating,  but  in  practice  stubborn  facts  present  them- 
selves, and  with  steel  containing  O'lO  phosphorus,  and  not  more  than 
0"35  manganese,  the  resulting  ingots  would  be  very  unsound,  and  the 
rail-mill  would  j^roduce  an  indefinite  number  of  imperfect  rails,  many 
of  which  would  get  into  service  in  defiance  of  the  most  careful  inspec- 
tion, the  result  being  crushed  ends,  flat  places,  and  generally  unsatis- 
factory rails.  If  low  mangane.se  is  desired  the  phosphorus  must  also 
be  low;  ()*10  per  cent,  cannot  be  .so  considered.  In  the  (34  analyses 
there  are  but  16  with  the  manganese  as  low  as  0'40  and  under,  and 
only  4  of  these  have  the  phosphorus  above  0*085,  11  being  under  0*07 
and  6  under  O'Oo.  The  rails  having  less  than  0*30  carbon,  with  the 
exception  of  six,  were  made  over  12  years  ago,  and  of  these  six,  one  was 
made  8  year.s,  one  10  years  and  four  about  1 1  years  ago. 

At  the  time  all  of  these  rails,  excepting  one,  were  made,  all  steel 
was  hammered,  the  blooming-mill  not  having  been  invented.  Under 
the  hammer  it  is  possible  to  coax  steel  into  fair- appearing  blooms  that 
would  either  go  to  pieces,  or  roil  very  badly  in  the  blooming-mill. 
When  the  latter  was  introduced  the  steel-makers  had  only  at  their 
command  recarburizers  poor  in  manganese  and  high  in  })hos})horas. 
]\Iore(n'er,  the  American  irons  were  then  even  much  higher  in  phos- 
phorus than  our  chemists  told  us;  hence,  a  great  deal  of  very  poor 
steel  was  made — by  poor,  I  mean  unsound  steel.  As  high  as  20  i)er 
cent,  second  quality  or  defective  rails  was  a  common  run  of  work, 
while  to-day,  with  better  irons,  richer  spiegels  and  better  melting- 
furnaces,  we  rarely  exceed  1  per  cent.,  and  run  for  days  at  less  than 
one-half  of  that  figure,  and  this  on  much  more  difficult  .sections  than 
railroad  engineers  formerly  required. 

Just  here,  let  me  ask  Dr.  Dudley  whether  he  gave  sufficient  con- 
sideration to  this  very  difference  of  section.  Examples  are  presented 
by  rails  902  and  903.  The  first  stands  at  the  head  of  rails  from  the 
high  side  of  curve-grade,  and  gave,  upon  analysis,  carbon,  0  322; 
))liosphorus,  0"077;  silicon,  0-026;  manganese,  0'492.    The  .second  had 
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<arlM»i),  <)-.';.">,0;  |i|i<)>|i||i»nis,  ()-l08;  >iliruii,  ((-(iiil)  ;  iiiangjiiu'st',  U'4!M). 
and  is  at  the  toot  of  the  list  with  Imt  '1  yiiirs  1  I  iiioiitlis  siTvice,  \vliil<- 
the  first  had  7  yeiirs  11  months,  and  was  of  the  old  roinnic*!  head  s<i'- 
tion,  whilf  the  poor  one,  with  ahnost  thf  sinie  «'h<-iMicaI  analysis,  wa* 
of  the  sqnare  hea<l  patti-rn. 

If,  as  su^^ested  i)y  Di-.  I  >iidley,  ev<ii  -otter  rail>  are  de.-ii-al)le,  there 
need  not  he  any  <litlieidty  in  fillin;^  sneh  an  order.  I  Avuidd  In-  p*  r- 
fcctly  willing-  to  miitraet  to  make  rails  euntainin^i;  not  over  e:irl»'i:i. 
<»•!.">;  phosphorus,  OO.S,  and  manirant'so,  (»-.j(>.  These  rails  would  !»«• 
perleetly  homogeneous  and  stiller  than  an  iron  i-.iil  ot'  the  s;imL'  sf^-tion, 
and  oui^ht,  therefore,  to  hold  up  the  load.  The  rail-inake-is,  ImjIIi  in 
this  country  and  Ent!;laiid,  are  now  makinj^  steel  ettntaining  much  nmn 
mantranesti  than  formerly.  These  rails  are  p»inir  out  of  the  mill- 
apparently  hetter  and  sounder  than  those  formerly  made.  Time  onl\ 
will  demonstrate  whether  or  nut  they  are  aetually  hetter. 

The  present  Trov  praetiee  is  to  iih-  irons  eontainin<;  the  lea-t  phos- 
phorus, to  put  in  enough  eai'hon  to  make  stroiii;-  >teel,  and  i'nou;,^h 
mannanese  to  make  the  steel  r<»ll  soinid,  l>i»th  while  in  the  ingot  and 
the  hloom,  to  i-iu'efully  heat  the  ingots  and  resulting  hhMHn>,  hot 
-traighten  the  rails  so  as  to  h-ave  the  minimum  of  work  for  tin*  eold 
press,  which  d«H's  its  work  while  thestiH'l  is  vet  hot.  And  we  have  to 
he  yet  convinced  hy  the  wear  ot"  our  rails  that  this  practi<-e  i-  wrong. 
For  our  t<'st-  we  i-ast  a  4-inch  ingot  troni  «'ach  Mow  ;  this  i-;  hammer»-<l 
into  a  ^'  inch  har,  which,  when  cold,  i<  re<pnr«'<l  to  IkmuI  to  at  lca>t 
:i  U  liy  the  Mows  of  a  sjetlgi',  this  hending  heing  a  nuich  seveivr  test 
than  when  done  in  a  |)re.ss.  The  steel  is  also  (punched  in  water  and 
tested  for  temper.  l)rillings  are  taken  from  the  ingot,  and  /»/•.•<;,-.(/, 
carhon  determinations  made. 

I  prefer  this  plan  to  any  test  of  the  rail  emls.  To  Im*  |H'rtectly  con- 
elusive,  such  tests  would  have  to  he  inadeof  hoth  ends  of  the  rail,  .and 
from  every  rail,  for  one  einl  might  he  overlu-ated  and  the  other  not. 
Some  hloonis  might  Ik.-  all  right,  an<l  the  list  of  them  heat-spoilt,  hi 
a  mill  producing,  say  !«)(>()  rails  per  \\(H'k.  l.S,(K)(>  mil-ends  tests  would 
l»e  no  inc(»nsideraMc  item,  particularly  if.  as  l)r.  I>udlev  propos«>.  the 
test-pieei',  "  \'l  inches  long,  lA  inch  wide,  \  inch  thick,"  is  lo  In'slotte^l 
frouj  the  weh  of  the  r.iil.  He  wotdtj  have  to  give  a  leas*-  ot"  the 
Altoona  shops  along  with  the  rail  contract. 

I  >r.  Hudlev's  theorv  of  iulinitesimal  teeth  is  inten'stinir,  and.  if  true. 
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I  should  prefer  having  the  teeth  of  my  rack  so  strong  tliat  they  would 
neither  break  off  or  flatten  down. 

As  a  matter  of  })erhaps  some  interest,  I  jiresent  two  pieces  of  Troy 
rails,  cut  off  at  the  saws  from  two  rails,  not  in  the  same  heat,  and 
tested  M'ithout  knowing  anything  of  their  chemical  composition.  I 
had  these  pieces  separately  j)]aced  uj)on  10-inch  bearings  under  a 
7-gross  ton  hammer,  a  piece  of  2|-inch  round  ii'on  laid  upon  them  as 
a  fuller,  and  the  hammer  allowed  to  fall  from  twenty  inches  above  the 
fuller,  which,  according  to  Haswell,  gave  a  blow  of  67*75  gross  tons. 
The  pieces  were  then  turned  over,  the  fuller  ])laced  upon  the  convex 
surface  and  the  hammer  allowed  lo  fall  from  1 3  inches  above  the  fuller, 
giving  a  blow  of  58"45  gross  tons.  You  will  see  that  the  rails  do  not 
show  any  signs  of  rupture,  and  their  color  at  the  points  of  torture  prove 
them  to  have  been  absolutely  cold  when  the  test  was  made.  I  think 
these  rails  ought  to  be  reasonably  safe  in  the  track.  As  you  see  by 
this  piece  of  the  head  of  one  of  these  rails,  I  had  it  planed,  and  then 
some  teeth  cut  in  it  by  a  cold  chisel,  and  one-half  of  them  pounded 
<lown  with  a  hammer.  The  teeth  of  my  rack  did  not  l>reak  off.  The 
analyses  of  these  rails  subsequently  made  are: 

Carbon, 

Silicon, 

Phosphorus, 

Manganese, 

In  conclusion,  I  will  say  that  Dr.  Dudley's  paper  as  a  contribution 
to  our  knowledge  of  steel  rails  is  valuable  and  interesting,  l)ut  I  pro- 
test against  his  conclusions  being  received  as  manufacturing  or  com- 
mercial axioms.  From  its  l)eing  presented  in  the  form  of  a  report  to 
the  leading  railroad  of  the  country  from  one  of  its  trusted  ofKcers,  as 
well  as  from  the  tone  of  the  concluding  deductions,  it  is  liable  to  l)e 
so  received  by  railroad  men.  If  any  railroad  company  desires  rails 
made  under  either  of  Dr.  Dudley's  formulas,  and  are  willing  to  pay  a 
price  large  enough  to  cover  the  loss  in  making  theui,  well  and  good  ; 
but  so  long  as  the  rail  makers  are  compelled  to  r/ucwantee  tlie  wear  of 
their  rails  for  a  given  number  of  years,  justice  requires  that  the  com- 
position of  the  steel  from  which  these  rails  are  made  should  be  left  to 
them. 


I. 

II. 

0-410 

0-380 

0-050 

0-058 

0-086 

0-082 

0-94-2 

0-840 
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W II, 1.1  AM  Si:i.Li;its,  Pliila(lel|)lii;i. — '\'\\v.  very  interesting  j>aj>or 
upon  tliL-  wear  of  steel  rails  that  lias  jnst  been  rejul  presents  tlie  reeoid 
of  a  scries  of  investigations  that  are  extremely  valuable,  and  the  deiluc- 
tioii  that  has  been  drawn  from  the  results  noted  seems  t«»  be  unavoid- 
able; the  tests,  however,  t«»  which  it  i>  proposal  steel  rails  shall  be 
subjected  hereafter,  with  a  view  to  dctermin*!  their  (piality,  shoidd 
have  our  careful  attention,  and  with  reference  to  these  I  desire  to  njake 
.1  few  suggestions. 

W'hih;  the  maiuifacture  of  soft  steel  wjis  yet  in  its  infancy  it  was 
lielieved  that  the  j)resenee  of  phosphorus  in  any  notable  (piantity  was 
very  deleterious,  in  fact  fatiil,  to  the  good  (juality  of  this  |)r(Kluct,  and 
the  greatest  care  was  exercised  to  procure  materials  iu  which  this  ele- 
ment could  not  be  more  than  traced.  With  the  development  of  thi> 
art  it  has  been  found  that  larger  and  larger  proportions  of  this  hnrtlul 
ingredient  niav  l)e  used,  |)rovi<ling  always  eorr(spiiiiding  changes  in 
the  chemical  composition  shall  be  made  to  accord  therewith. 

It  is,  [)erha[)S,  besides  the  j)oint  to  iiupiirc  whether  the  earlier  belief" 
was  correct  or  not,  the  fact  remains  that  steel  is  nttw  |>rodnced  whi(  h 
lontains  much  larger  proportions  of  phosph(»rus  than  w<»uhl  hav«'  been 
permitted  a  very  few  years  ago,  and  that  this  steel  is  now  considered 
to  possess  (pialities  which  fit  it  admiral)Iy  for  u>c  in  rails;  morei>ver, 
it  is  well  known  thai  the  degree  of  heat,  ami  the  manipidation  lo  whi<'li 
the  ingot  is  subjected  in  transforming  it  inti»  the  finished  product  ha> 
an  imjKirtant  influence  in  determining  the  characteristic-  that  pr<Kluct 
will  exhibit. 

These  facts  have  an  im|)ortant  bearing  upon  the  tpiestion.  What 
shall  be  the  tests  which  are  to  determine  the  tpiality  we  desire  to  attain  ? 
If  the  engineer  is  to  specify  the  chemical  composition,  and  the  uukIc  or 
process  of  manufacture  by  wliieli  t  lu' manutaetuivr  must  work,  it  would 
seem  that  im|>rovi'ment  in  the  art  nui<t,to  a  certain  extent,  Iw  limite<l, 
and  a  vicious  system  would  be  intro«lui'ed,  injurious  alike  to  tlu'  engi- 
neer and  the  mainifacturer.  fhe  chemical  composition  has  no  value  to 
the  engineer,  for  no  matter  what  the  chemical  composition,  it  is  u|>on 
the  physical  (pialities  at  last  that  he  must  rely  to  determine  whether  or 
not  it  will  answer  his  |)urpose.  It  should  be  his  business,  therefoix', 
to  devise  such  physical  tests  as  will  determine  absolutely  whether  or 
not  the  quality  that  he  tlesires  has  been  pnHluce<l,  while  the  manu- 
facturer should  be  left  free  to  make  such  chemical  <tnnbinations  or 
adoj)t  such  processes  of"  manufacture  as  will  fulfill  the  re<|uirenients  of 
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the  engineer.  It  may,  however,  be  questioned  whether  the  physical 
data  we  now  possess  will  enable  us  to  agree  upon  the  physical  tests 
requisite  to  demonstrate  the  quality;  but  if  this  is  admitted  it  only 
proves  that  further  physical  data  are  wanting,  for  the  qualit}^  is  finally 
determined  by  u.se,  the  result  of  which  oiu'  physical  data  should  enable 
us  to  predict.  Of  these  data  the  one  most  abundant  is  the  ultimate 
strength,  and  next  to  this  ductility,  bending,  shearing,  punching,  tor- 
sion, impact  and  fatigue,  in  all  of  Avhich,  except  the  last,  abundant 
facts  are  at  hand.  As  most  specifications  prescribe  a  high  and  a  low 
limit  for  ultimate  strength,  it  would  seem  to  be  the  prevalent  opinion 
among  engineers  that  high  or  lew  steel,  as  it  is  technically  termed,  is 
to  be  determined  by  its  ultimate  strength;  and  it  becomes  important 
at  this  stage  to  define  what  quality  it  is  that  most  accurately  defines 
this  term,  that  is  to  say,  does  it  consist  in  high  or  low  ultimate  strength, 
or  in  high  or  low  ductility  relatively  to  its  ultimate  strength?  It  is 
essential  for  all  structural  uses  that  the  engineer  should  know 
ui)()n  what  ultimate  strength  he  can  rely,  for  upon  this  all  his  calcu- 
lations must  l>e  i)ased;  but  it  is  upon  ductility  that  he  must  depend 
for  safety,  the  measure  of  Avhicli  he  must  determine,  after  which  the 
higher  the  ultimate  strength  he  can  obtain  the  better  his  material  will 
be  for  any  structural  pur})()se;  that  is  to  say,  with  a  given  ductility 
the  higher  the  ultimate  strength  of  his  material  the  safer  it  is,  and  con- 
versely, with  a  given  ultimate  strength,  the  higher  the  ductility  the 
safer  it  is.  High  ductility  and  high  ultimate  strength  cannot  be  pro- 
duced except  with  the  most  favorable  conditions,- both  as  to  chemical 
composition  and  as  to  the  mode  of  manufacture;  the  quality  is,  there- 
fore, to  be  ascertained  with  most  certainty  by  determining  the  relation 
of  the  one  to  the  other,  and  for  the  same  reason  this  relation  would 
seem  to  be  the  factor  which  should  most  accurately  define  the  term 
high  or  low,  as  applied   to  steel,  and    the  requirements  simply  of  an 

ultimate  .strength  not  less  than  pounds  per  square  inch,  with  a 

ductility  not  less  than pei*  cent.,  would  at  on'ce  determine  the 

character  of  .steel  required  and  the  quality  of  it.  It  must  not  be  under- 
stood, however  that  the  determination  of  this  relation  is  the  sole  requi- 
site in  determining  quality  for  every  purj)ose,  for  the  capacity  to  bear 
fatigue  and  shock  is  .scarcely  less  important,  as,  for  example,  the  ques- 
tion now  under  consideration.  And  although  it  i>  probable  that  the 
material  which  exhibits  high  ultimate  strength  coupled  with  high  duc- 
tility will  prove  to  be  capable  of  enduring  the  most  fatigue  and  shock. 
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we  cannot  affirni  that  there  is  any  definite  relation  between  the  two, 
in  fact  we  have  manv  data  tendinis  t«i  show  tliat  snr-h  a  relation  does 
not  exist. 

An  examination  of  the  data  which  Dr.  Dudley  h:i-  tal>iilat('d  iiidi- 
i'ates  that  to  establish  th('  relation  between  ultimate  sti'cnutli  and  (hic- 
tilitv  alone  would  be  insufficient  to  determine  the  wearing  quality  of 
rails,  so  that  these  data  must  be  su|)j)]('mented  by  some  other.  This 
other,  1  suggest,  .should  be  that  of  fatigue  from  shock,  not  that  of 
-iniplv  bending,  which  last  Dr.  Dudley  "has  found  to  bear  a  closer 
ic'lation  to  the  loss  of  metal  j)er  million  tons  than  any  of  the  (.(thcr 
tests."  I  take  exception  to  tiie  classification  of  this  test  as  one  of  the 
four  wavs  in  which  a  bending  test  could  be  applied.  A  rail  bent  under 
the  drop  test,  and  one  bent  in  the  testing  machine  by  ])ressure  slowly 
applied,  would  not  be  subjected  to  the  same  character  of  strains.  Wiiilc 
a  drop  test  is  a  bending  test,  it  is  also  much  more;  the  .same  number 
of  degrees  of  deflection  in  the  one  ca.se  as  in  the  other  woidd,  I  think, 
represent  very  dilferent  powers  of  resistance  in  the  material  oi)ernled 
upon.  With  the  same  weight  lalling  from  the  same  height  in  pro- 
perlv  constructed  guides,  the  same  efect  nuist  be  |)rodnced  with  every 
l)low.  In  fact,  it  is  difficult  to  conceive  how  any  other  tbrm  ot'  test 
can  ])roduce  more  uniform  effects  or  which  can  be  more  accurately 
m(?asured ;  the  rcHultn  may  be  more  diverse  with  such  a  test  than  with 
others,  because  they  are  pHnluced  by  pressure  and  sIuK'k,  whei-ea> 
nearly  all  other  forms  of  testing  produce  their  results  i)y  pressure  alone. 
It  is  this  difference,  however,  which  commends  the  drop  as  the  test 
above  all  others  for  rails  as  being  more  analogous  to  that  by  which  the 
rail  is  tested  in  use,  and  we  should  be  well  satisfied  that  the  objections 
urged  again.st  it  are  well  founded  before  we  abandon  it  for  others 
which  may  appear  to  offiM'  more  iniiform  residts.  It  may  well  be  that 
uniform  results  obtained  by  a  system  of  testing  widely  diffi'rent  from 
that  we  require  oiu-  material  to  sustain  in  use  may  have  small  vahu' 
for  determining  in  advance  the  effect  of  that  use.  I  am  thu-  driven 
to  the  conclusion  that  to  obtain  the  relation  of  ductility  to  ultimate 
strength,  together  with  the  capacity  to  sustain  fatigue  from  shock, 
would  be  to  attain  to  absolute  certainty  as  to  the  (piality  in  an  engineei- 
ing  sense. 

There  are,  however,  considerations  other  than  th;U  of  the  test>  which 
must  have  attention  before  adopting  a  system  of  testing  for  stiH^I  i-ails, 
and  as    t(»  these    I     would   now    make  a   tew  suirirestions.     'f lie  te-«ts 
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required  to  determine  quality  in  the  directions  indicated  are  well 
understood,  but,  simple  as  they  are,  the  time  that  must  be  consumed  in 
making  them  would  result  in  serious  loss  to  the  manufacturer  if  his 
mill  is  to  be  held  for  their  determination,  and  i^  he  proceeds  with  the 
execution  of  his  order  in  advance  he  incurs  a  serious  responsibility  in 
assuming  the  risk  of  rejection  for  the  large  product  that  would  be 
turned  out  before  the  requisite  tests  could  be  made.  While  the  cost  of 
a  test  for  ultimate  strength,  ductility  and  for  capacity  to  bear  fatigue 
would  be  small,  the  large  number  of  such  tests  that  would  be  neces- 
sary to  establish  the  quality  of  an  ordinary  order  for  steel  rails  would 
be  a  .serious  item,  and  as  every  item  of  cost  must  be  eventually  borne 
by  the  consumer,  it  is  important  for  the  railway  companies  to  adopt  a 
regular  system  for  testing  their  rails  that  shall  not  only  be  the  most 
expeditious,  but  the  least  expensive.  For  the  purpose  of  inspection, 
therefore,  it  would  seem  to  be  sufficient  to  adopt  a  system  that  would 
])e  simply  an  indication  as  to  the  qualities  desired,  without  subjecting 
the  parties  interested  to  the  cost  and  delay  which  must  result  from 
exhaustive  and  thorough  tests,  and  upon  these  indications  the  rails 
might  be  accepted.  This  would  seem  to  accord  with  the  best  foreign 
practice,  as  illustrated  by  the  very  admirable  paper  upon  "  Rail  Specifi- 
cations and  Rail  Inspection  in  Europe,"  by  C.  P.  Sandberg,  C.E.,  read 
at  the  Lake  Superior  Meeting,  Augast,  1880.  There  are  two  tests 
which  would  give  these  indications  with  great  accuracy,  both  of  which 
could  be  applied  without  the  expense  and  delay  incident  to  prepara- 
tion of  specimens,  and  both  of  which  require  comparatively  inexpen- 
sive machinery.  These  are  the  registering  punch  and  the  drop  test. 
The  former  is  a  special  tool  which  could  be  applied  upon  the  crop  ends, 
and  could  be  portable ;  the  latter  is  too  well  known  to  require  descrip- 
tion, but  its  indications  if  carefully  noted  would,  I  believe,  be  the 
most  valuable  of  the  two,  but  in  conjunction  with  the  punch  they  should 
be  conclusive.  The  punching  test  would  have  this  advantage:  that  by 
its  use  an  inexpensive  indication  could  be  had  of  the  quality  of  every 
rail.  The  suggestion  that  this  test  should  be  applied  upon  the  fish- 
plate holes  has  probably  prevented  its  introduction  heretofore;  first, 
because  such  holes  are  not  now  punched,  and  second,  because  to  make 
such  registration  every  manufacturer  would  have  to  procure  a  register- 
ing punch,  and  this  would  be  difficult  to  apply  upon  existing  machines. 
If  this  tool  should  be  recognized  as  a  part  of  the  inspector's  outfit  and 
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s|)cci;illv  adapted   to  his  needs,  it   iiiij^lit  s(»oii  come  into  }renonil  use  it' 
care  was  used  to  maintain  the  |»unehes  and  dies  in  pmkI  condition. 

In  conclusion,  I  sn<i<;est  tliat  if  the  pliy.sical  tests  are  t(»  l>e  su|>[»le- 
mented  by  chemical  analysis  the  specitieation  for  this  analysis  should 
not  he  complete;  that  is  to  say,  in  place  of  giving  the  [H'oportioiis  <»f 
eMi-l)on,  phosphorus,  silicon  and  manganese,  a  maximum  limit  shr»uld 
he  fixed  respectively  for  |)hos|)horns,  silicon  an<l  manganese  only,  leav- 
ing the  carhon  to  he  varied  by  the  inanufactiu'er,  so  that  he  may  jn*o- 
|)erlv  he  required  to  furnish  material  that  will  liilfdl  the  jthy-ical 
conditions;  for  it  is  evident  that  if  the  engineer  deliues  the  chenii(-al 
coniposition  he  cannot  reasonably  ask  the  manufacturer  to  gurautee 
that  this  composition  shall  give  certain  [ihysical  results. 

\V.  R.  Jones,  Pittsburgh,  I'a. — The([uestion  that  naturally  oct-urs 
to  me  is  tills:  lias  Dr.  Dudley  in  hi-;  investigations  been  aiming  to 
prove  a  theory,  or  has  he  been  guid<,'d  by  an  earnest  desire  to  discover 
what  are  the  proper  elements  in  the  composition  of  a  L'"o<Ml-wraring 
steel  rail  ? 

Unfortunately,  f(^r  correct  chemical  information,  he  has  omitted  in 
his  analyses  two  very  im|>ortant  elements — sulphiu*  and  copper.  Now, 
liefore  we  will  e\'en  begin  to  admit  the  correctness  of  Dr.  Dudley's 
eoMchisions  and  the  formula  he  prescribes,  we  will  at  the  start  «[ue-tioii 
the  propriety  (»f  any  chemist  or  scientist  prescribing  a  Ibrmul;'.  for 
making  steel  when  he  has  ignored  such  important  elemeiUs  a-  -ulphur 
;i:ii|  copper.      I,  for  one,  will  not  accept  any  siieh  Ibrmiila. 

Ale  we  sure,  or  is  Dr.  Dutlhv  >uiv,  that  the  chemii-al  analyses 
rmboilied  in  his  pa[)cr  are  correct?  This  may  seem  a  presiuuptuous 
iiuestiou;  yet,  with  my  experience  with  chemists,  I  uatui-ally  doubt 
the  correctness  of  the  analyses,  and,  betbre  1  will  a«'cept  them  :t<  c<»r- 
ii'i't,  I  will  ask  that  comparative  tests  of  j»ho<|)horns  and  manganoc 
be  made  by  the  Peimsvlvania  Uailroad  chemists  and  the  chemi>ts  ot 
the  leading  steel-Works  in  thecouiury.  Let  us  tir-t  verify  the  correi't- 
ness  of  the  analyses  before  we  consider  the  c(»nclusions.  1  can  eiuuner- 
ate  a  great  uinnber  of  instances  in  which  ciiemists  have  ditV«'retl  very 
widely  in  their  determinations  of  i)hosphorus  and  maugiiuese.  A 
prominent  iron  Hrm  made  a  contract  with  the  Kdgar  Thom.«ion  Steel 
( 'om])any  to  deliver  pig  metal  guaranteed  t«»  be  betwtru  Om)7  and  O'OS 
phosphorus.  An  analysis  by  oiu*  chemist  rosulttHl  in  phosphonus 
()"148  and  (1-152— a  rather  startling  dilVerencel  Again,  a  siuuple  bar 
Whole  No.  Vol.  CXll. — ^^"1110  J?ekik.<.  Vol.  Ixxxii.)  3 
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of  steel,  in  which  our  chemist  reported  phosphorus  0*11,  was  tested  by 
11  chemist  of  auotlier  Bessemer  works,  and  his  determinations  were 
phosphorus  between  0"07  and  0*08.  A  leading  eno;incering  establish- 
ment of  Pittsburg  bought  iron  claimed  by  a  chemical  analysis  to  con- 
tain 0*08  phosphorus;  our  Mr.  Ford  found  phosphorus  0"145.  A 
chemist  connected  with  an  open-heartli  works  reported  manganese 
in  a  piece  of  steel,  1*14;  in  a  second  determination  from  the  same 
piece  of  steel,  by  the  same  chemist,  manganese  was  reported  0'43.  The 
chemist  was  kept  in  ignorance  of  the  fact  that  both  samples  were  from 
the  same  piece  of  steeL  Two  determinations  for  manganese  w'ere  made 
by  the  same  chemist  from  a  piece  of  steel ;  he  reported  manganese 
0*61  and  0"58.  Our  chemist,  in  the  same  steel,  reported  manganese 
0"324  and  0'303.  1  could  give  innumeral)le  instances  of  the  wide 
ditference  in  chemists'  determinations  of  phosphorus  and  inanganese. 
I  think  I  have  cited  sufficient  cases  to  sustain  the  position  I  have 
assumecl,  viz.,  that  before  the  determinations  made  by  Dr.  Dudley's 
assistants  are  accepted  as  being  correct  they  siiould  be  verified  by 
chemists  of  greater  experience. 

I  find  on  a  close  examination  of  the  doctor's  paper  that  he  has  taken 
no  notice  whatever  of  the  increased  weight  of  cars,  increased  weight  of 
locomotives,  with  increased  speed,  in  his  tonnage  calculations.  Now, 
there  is  a  vast  ditference  between  the  tonnage  of  10  to  12  tons  in  an 
ordinary  freight-car  with  eight  w'heels  passing  over  rails  at  a  moder- 
ate speed,  and  15  to  20  tons  on  the  same  number  of  wheels  at  an 
increased  speed.  Since  1874  the  Pennsylvania  Railroad  Company  has 
been  steadily  increasing  the  weight  of  both  engines  and  cars.  The 
duty  to  which  rails  are  now  subjected,  I  believe,  is  fully  GO  per  cent, 
greater  than  that  before  the  year  1874.  On  looking  over  the  ])aper, 
we  find  a  number  of  rails,  classed  as  good-wearing  rails,  that  have  for 
vears  been  subjected  to  comparatively  light  tonnage  on  a  wheel-ton- 
iiage  l)asis,  compared  with  a  great  number  of  rails  classed  as  fast- 
wearinjr  rails,  which  in  some  cases  I  find  have  had  passing  over  them 
nearlv  twice  the  number  of  tons  per  month,  and  all  on  heavier  wheel 
tonnage. 

As  an  illustration,  I  cite  rail  No.  937,  with  the  following  analysis: 
carlwn,  0'454;  silicon,  0'01'»;  phosphorus,  0-145;  manganese,  0'726, 
with  only  2  per  cent,  elongation.  In  accordance  with  the  deductions 
and  formula  this  should  be  a  very  bad  rail,  yet  on  close  examination  1 
find  that  this  rail  has  been  subjected  to  a  monthly  tonnage  of  747,628 
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7niis.  If  Ave  cxaniiiH-  tlx'  rail  No.  J'JI',  wliidi  \v:i.-<  laid  witliiii  t^vo 
miles  of  rail  O.'JT,  we  liii*l  carlmii,  ()"2'V) ;  -ili<(»ii,  (>-(>H(»;  |ilii>«|»|ior(j.'>, 
<)'(>.')5;  iiian^mcsc*,  O-.'KM);  il»>ii;:ati<>ii,  J }  per  it-ui.  Tlii*  mil  w:w 
.siil)je<'te<l  to  a  iiionflily  tuima^n'  of  only  .*>H  1  ,*J.'i.')  ton-*,  wliilc  nil  No. 
*XM  was  subjertcd  to  ".Mi  \u'r  <('iit.  iiiorc  iiioiitlily  toi)na«^«',  and  yn  rail 
No.  029  is  classe<l  as  a  invn]  mil.  If  w*-  a»-nriif  that  .jO  jht  «f*nt. 
more  loa<k'(l  (-ars  pass  east  to  Pliiladelpliia  than  pass  wot  frojn  I'hila- 
'l<|phia,  we  find  the  wheel-tonnap*  assnnjo  a  very  iniportnnt  asjMi-t  in 
dettrniining  the  wearing  (jnalities  of  mils.  Ai^iin,  the  h.id  mil  wa-  in 
rthe  track  40  luontlis,  and  only  shows  a  WKir  of  f>y  of  an  in«'h  in  ver- 
tical section,  and  has  1m  en  in  the  trac|<  sin*-**  the  advent  of  hc:ivi(r 
•enj^ines  and  heavier  cars,  while  rail  Xo.  !>*J1>  ha>  had  the  ailvantaije  ot' 
at  leji'^t  7  years  of  comparatively  liirht  traflic  on  liirht-wheel  tonnaj;!'. 
The  (piestion,  which  of  these  two  mils  has  Ui*n  snhje^'t*-"!  to  the 
Lrreatest  auiount  of  wheel-tonna;;e,  I  leave  tosoine  one  to  e.il.ul.iir  \\  Ii.» 
li;us  more  time  to  <levote  U>  this  snhject  than  I  have. 

In  rojrani  to  the  method  j>roposed  l>y  ])r.  Dndley  to  te>t  tin-  rail- at 
the  works,  I  can  only  say  I  nnich  pr«'fer  the  method>  >n;;p-ted  l»y 
Mr.  Sandheru;,  in  hi>  pa|»er  read  hefore  the  In-titnte  at  the  I^ike 
Superior  nieetiiii;,  with  llii^  sli«rht  m(HliHc:ition,  vi/.:  I  would  .«-ulijeet 
a  On  and  02  poniul  rail  to  a  <lroj>-tcst  of  ISnO  ponntl.-,  fallin;:  a  di-- 
tance  oi'  1  I  feet  on  the  mil,  on  snp|M>rt>  .'5  feet  apart  :  tor  a  04  to  .">«i 
pound  i-ail,  ItJ  feet  droj);  for  a  O'J  to  OS  pound  mil,  is  f<i«t  drop;  lor 
a  OS  to  /JO  ponnd  mil,  20  feet  drop,  an<l  -o  on  in  tin*  sime  mtio.  I 
would  also  adJicre  to  the  test-har,  drawn  out  from  th«*  head  of  the 
mil  down  f(»  one  iiK'h  s(piare,  then  placiil  under  a  stt-am-iiammer  and 
l»ent  throu^jh  an  anj^lc  of  110"^,  the  distance  between  itMitres  <if  ~up- 
|)orts  of  the  liar  to  he  from  10  to  12  incjie-.  I)r.  I>udley  may  think 
these  ti-sts  crude;  I  believe  them  to  be  >imple.  thoroUirll,  etVei'tive  and 
feliabh',  and  in  thi>  I  fully  coneiir  in  tin-  view>  of  Mr.  SandlKP.:. 

If  Pr.  l)udley  and  tin-  lVnn^ylvania  Kailro;id  authoriti»-s  Iwdieve 
their  deductions  are  cornet,  let  them  have  rails  made  in  ats-onlnno' 
with  the  doctor'.s  fii>t  formula — phosphorus  0.077,  c:irljon  0-:J34,  sili- 
con OiXIO,  manu::ines<^'  0"1!»1  an<l  ad«l  to  it  the  less  sulphur  and  cop- 
jxr  the  U'tter,  and,  as  a  niatter  of  course,  |Kiy  the  ditVeren»v  in  prin- 
involved  in  tJje  ditieivJiiv  in  the  price  of  metals;  but  when  I>r.  l>ii«l- 
ley  attempts  to  formulate  a  rule  to  ixovern  the  steel-makers,  IklsiiI  on 
Jii>  knowle<lire.  I  for  i>ne  decide«llv  objeet.  and  I  tmnkly  ti'II   him  that 
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he  is  opposing  all  the  researches  and  investigations  of  the  best  chem- 
ists and  metallurgists,  both  here  and  abroad. 

1  have  serious  and  grave  doubts  if  steel  fliade  in  accordance  with, 
his  second  formula  would  give  a  good  record  in  the  track.  I  experi- 
mented on  this  formula  in  attempting  to  fill  an  order.  Mr.  Sandberg- 
in  his  paper  refers  to  the  filling  of  an  order  of  2500  tons  on  the  same 
formula,  and  my  experience  Avas  the  same  as  liis.  The  ingot  was  a 
conglomerate  mass  of  honeycombs.  It  made  bad  blooms,  and  I  do 
not  believe  it  made  good  rails.  The  rails  are  now  in  the  tracks  of  the 
West  Pennsylvania  road,  and  if  they  do  prove  to  be  good  rails  I  shall 
be  very  much  surprised. 

To  be  continued. 


AX  ACCOUNT  OF  EXPERIMENTS  MADE  by  a  BOARD  of 
UXITED  STATES  XAYAL  EXGIXEERS  with  SCREW 
PROPELLERS  of  DIFFEREXT  MATERIAL  and 
DIMEXSIOXS,  APPLIED   to   the   UXITED 
STATES  FISH  COMMISSIOX'S  STEA:\IER 
"LOOKOUT,"   with   the   HULL  COP- 
PERED AND  NOT  COPPERED. 


By  Chief-Engineer  Isherwood,  L".  S.  Xavy 


In  the  refitting,  at  the  Washington,  D.  C,  nav\-yarcl,  of  the  Uni- 
ted States  Fish  Commission  steamer  Lookout,  seven  screws  were 
adapted  to  her,  differing  in  diameter,  j)itch  and  fraction  of  the  })itch 
used,  with  the  view  of  experimentally  ascertaining  the  best  propor- 
tions of  these  for  that  particular  vessel.  Two  of  the  screws  being  of 
cast  iron  and  the  remaining  five  of  cast  brass,  they  fiu-nishcd  an 
opportunity  for  observing  the  comparative  etfect  of  these  two  metals 
upon  the  economic  efficiency  of  the  screws.  Further,  as  the  vessels 
bottom  was  covered  with  rolled  copper  during  the  experiments  with 
two  of  the  screws,  while  it  was  not  so  covered  during  those  with  the 
remaining  five  screws,  but  exposed  to  the  water  only  the  wooden  sur- 
face of  a  vessel  in  the  usual  condition  for  coppering,  the  occasion  was 
afforded  to  determine  the  etfect  of  such  coppering  or  want  of  coj)pering 
upon  the  resistance  of  the  hull. 
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TIh'  ex|M;riin('iits  with  tlu'sse  screws  wi-n?  ih:m1o  l>y  a  Jioar.l  of  riiicf- 
Enjfineors  of  the  I'liitc^l  Stat(is  Xavy,  wliich  icpirted  the  tlata  to  the 
|{iiie:m  of  Stcain-Kiiiriru'eriii^  of  th«-  Navy  Dcpartiixut.  The 
writer  lias  taken  these  -hita,  eorreetJil  ami  r»*-arrau;^<'<l  them,  ami 
from  lh<iii  has  ma<le  the  (•:ileiilatioiis  ami  (liHJiietions  that  will  Ik? 
foiin<l  ill  this  |)a|»ei,  iiuiic  <»f  which  are  in  the  JJoanl's  r«'j»ort. 

J'he  experimental  tle<luctions  contain  two  noveltie>,  namely,  the 
effect  upon  the  economic  efticiency  of  s<Tew.s  due  to  their  hein;^  con- 
structcil  of  cit^t  brass  or  of  cast  iron,  and  the  «'IVect  U|m)ii  the  resistan*^ 
of  wo(Hlen  hulls  due  to  iiavinj;  their  hottom  coppen-il  or  of  presenting; 
to  the  water  a  wo«wlen  surfac<'  in  the  usual  state  prej)aratorv  to  ni-eiv- 
iii«;  the  copper;  or,  in  other  words,  the  determination  nf'  the  comjuir- 
ative  resistance  to  motion  in  water  of  hulls  havin;;  their  immersiil 
wette<l  surface  of  co|ij>er  or  of  |)laned  wo<m1.  In  the  ahsenc**  «»f  other 
experiments  on  thesj*  j)oints,  the  pre^nt  ones  will  We  of  interest,  taking; 
care  to  discriminate  that  the  comparison  hoMs  strictly  true  only  for 
the  exact  exjieriniental  <'onditions,  any  variation  of  which  would  ••on- 
se([uently  vary  the  comparative  results;  hut,  although  the  experiments 
determine  thes<*  results  (piautitativcly  for  only  the  |utrticular  «-:i-<*-.  on 
trial,  yet  tlu'V  remain  <pialitativcly  true  for  all  c:is«'s. 

rakinjr  the  resistauie  ot"  a  hidl  ;ts  com|>os('d  of  the  resistance  of  its 
immersed  wcttetl  surface  to  the  water;  and  of  tin*  n-j^istauj-e  of  the  water 
to  displacement  by  it,  that  is  to  s;jy.  the  resistance  of  water  t«»  iM-iiii; 
<'levate<l  from  the  cnitre  of  «j;ravity  of  the  greatest  immerseil  tran^- 
vei-se  section  of  the  hull  to  whatever  heiijht  above  the  water-level  it 
niay  he  force<l  by  the  proj^n-ss  of  the  vessel ;  there  follows  that  the 
ratio  of  tluse  two  resistances  will  vary  accordin«^  to  the  form  or  nuxlcl 
of  the  Jinll.  If  the  liidl,  of  jjiven  lineal  dimensions,  Im*  very  -harp, 
the  larjijer  |)ortion  of  its  resistance  as  a  whole,  will  Ik>  com|)OM.tl  ot'  its 
skin  resistan<-e  or  that  of  its  immerse«l  w^'tt*"*!  surface  to  the  water, 
while  the  remainiui;  smaller  portion  is  «'om|H»s»«<l  of  the  r»si>tamv  »>f 
the  water  to  ilisplacement.  And,  vice  vvrxa,  if  the  hull  Im-  of  very 
full  form,  the  lari^er  portion  of"  its  r»sistan(v  as  a  whole  will  euii-i-t  of 
the  H'sistance  of  the  water  to  displacement,  while  only  the  remainiui; 
smaller  portion  is  ilue  to  the  skin  or  wettwl  surface  resistance.  In  the 
c:ise  of  the  Lookout,  the  hull  w:ls  very  sharp,  ex|>osing  a  ^tvat  «'Xtent 
of  immersed  wette<l  surfaiv  compar-ably  to  its  displa«"ement  ;  j'onst^ 
<ptently  the  ilitlcrciu'e  between  the  roistan^vs  of  the  two  kinds  of  snr- 
I'uee — rolled   co|)per  anil   planed  woinl^will   be    proportional  I  v  more 
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marked  in  lier  tlmn  in  tlie  cases  of  ve.ssels  with  fuller  forms.  How- 
ever hard  and  smooth  a  wooden  surface  may  be  made  out  of  water,, 
yet  when  immer.sed  it  will  become  water-soaked  and  soft,,  the  small 
exposed  fibres  of  the  wood  separating,  rising  and  forming  a  delicate 
liairy  coating,  offering  much  more  resistance^to  water  than  the  original 
hard  plane  surface  from  which  they  arose. 

It  is  to  be  regretted  that  the  experiments  were  so  few :  they  might 
easily  have  been  extended  by  cutting  off  two  of  the  four  blades  of 
the  screws,  by  successively  reducing  their  diameters  and  lengths,  etc.,. 
which  modifications  could  have  been  executed  at  little  cost  as  the 
screws  did  not  exceed  5  feet  in  diameter,  a  size  readily  handled  yet 
large  enough  for  reliable  results ;  but,  as  the  vessel  was  not  entirely  at 
the  command  of  the  Bureau  of  Steam-Engineering,  only  such  trials- 
were  available  as  could  be  made  without  interfering  with  her  other- 
uses. 

The  experiments  do  not  show  any  superiority  of  cast  brass  over 
cast  iron  for  the  material  of  the  screw  ;  from  which  may  be  inferred 
that,  per  unit  of  surface  moving  at  equal  speed,  the  resistance  of  the 
water  to  the  ca.st  iron  surface  is  no  greater  than  to  the  cast  brass  sur- 
face. Also,  that  the  less  direct  resistance  of  the  thinner  cutting  or 
forward  edges  of  the  blades  of  the  brass  screw  was  not  sufficient  to 
produce  a  sen.sible  effect  on  the  economic  result.  The  much  less  cohe- 
sive strength  of  cast  iron  than  of  cast  brass  requires  the  blades  of 
screws  made  of  the  former  metal  to  be  much  thicker  for  equal 
strength  than  those  made  of  the  latter  metal ;  and  in  the  case  of 
the  exj^erimental  screws,  the  cast  iron  blades  were  about  two  and  a. 
half  times  thicker  than  the  cast  bra.ss  ones.  Of  course,  the  thicker- 
blades  must  be  attended  with  more  direct  resistance  than  the  thin- 
ner ones,  but  the  edges,  forward  and  aft,  of  all  blades  are  so- 
acutely  beveled  that  any  difference  due  to  this  cause  seems  to  be  too. 
slight  to  affect  the  result  in  a  marked  manner. 

Hull. 

The  Lookout  was  constructed  of  wood  for  a  steam  yacht,  and  had  a 
light  schooner  rig.  The  bottom  was  uncoppered  during  the  trials- 
with  screws  A,  JB,  C,  D  and  E ;  but  it  was  coppered  during  the 
remaining  trials  with  screws  E  and  G. 

The  following  are  the  dimensions  and^  proportions  of  the  hull  cor- 
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rcsj)()iulin«r   to    iIm-   diaiiiilit    itf  water  wliidi  wil-^    iiiaiiitaiiK-*!   \vilh<»iit 

scnsihlc  variation  during  all  tlio  triaU: 

J^enjrth   on  water-lino   from    forward   cdiic  of  ral)l)tt 

of  Ktein  to  after  side  of  the  sternpost,   .                   .  IMJ  fcvt. 

(Jreatest  hreadtli  on  waler-iinf,           .                    .  l.'J  ft.     (I  in. 

Kxtrcine  hrcadfii.      .                   .                    .                    .  l<>  fei-t. 

(  Forward,  2  ft.     !♦  in. 

Draught  of  water  from  l»otloni  of  ivcel,  -"  Mean,         .  '•>  ft.     S  in. 

(Aft,   .  4  ft.     7  in. 

I )     .1       *•  I      1    1    I        I  I         t-,(  l*'<>i'wanl,  il  in. 

I'entfi   of    lieel    Ijelow  lower    edtre  of    its  I  -.r  '  ...        ,  . 

'  ,  ,    ,  ^  y  .Mean,         .  I  ft.     _  in. 

'*^''''^'^'                   •                    •                    l.Vft,   .  Ift.  luin. 
Mean  dejitli  (»f  liiill  from  water-line  to  lower  edtre  of 

ral)l)et  of  keel,                   .                   .                   .  2  ft.     G  in. 

Area  of  the  greatest  inini«'rsed  traiisver>e  section,       .  2;')*2s  <<^.  fi. 

Area  of  the  water-line,        .                   ,                   .  Sfllfl  S4j.  fi. 

I )isj)laoeiMent  (.*»5  cubic  feet  per  t(ui),         .                  .  12X7  tons. 

I)isj)la('enient  j)er  inch  of  draiiirht  at  water-line,  2"1>.">1  t<»ris. 

Ratio  of  leiij^tli  to  hreadlh  on  water-line.                     .  7*1  111 
Katio  of  the  greatest  iniinersed  traiisvei'se  section  to 

its  circmiiserihing  jiarallelograni,            .                   .  n-7i;»(» 
Itatio   of  the  water-line   to  its  cireuin-erihing  |»aral- 

ielograni,                ....  <i-iit;i7 
Katio  of  the  displaeeineiit    to   its  eireiini^erihing  |iar- 

allelojtipedon,         .  .  .  .0  l»;."'.l 

\\Si.is\:. 

The  vessel    had    one  vertical,  direct -acting,  ctHiipouinl,  (Mndonsiiig 

steam  engine,  with  the  two  cylinders  placed  >-ide  l)V  side  and  aetiiiLi;  <»ii 

cranks  at  right  angles  to  each  other. 

I>iaineter  of  the  small  cylinder,  .  .  12     in<-hcs. 

l)iameterot"  jtiston  hkI  of  the  small  eviinder,  1.1  indio. 

Net  area  of  the  piston  of  the  small  cylinder,         .        1 12"21  1<>  s<^.  in. 

Stroki'  of  the  |tiston  of  tiie  small  cylinder,  16  iiu'hes. 

Space  displacement  <»f  the  piston  of  the  <mall  evi- 
inder, per  stroke,      .  .  .  l(i:;!t(t  cii.  rt. 

Diameter  of  the  large  cylinder.  20  inch<s. 

Diameter  of  the  piston  nnl  of  the  large  cylinder,  l.\  in<lics. 

Net  area  of  the  piston  of  the  large  cylinder,  .        .■n.'V27(»(  s<{.  in. 
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Stroke  of  the  piston  of  the  large  cylinder,    .  K)  inches. 

Space  displacement  of  the  piston  of  the  large  cyl- 
inder, per  stroke,        .  .  .  2-9007  cu.  ft. 

Ratio  of  the  space  displacement  of  the  piston  of 
the  large  cylinder,  per  stroke,  to  thai  <  f  the  ]>is- 
ton  of  the  small  cylinder,  .  2"07178 

Boiler. 

There  was  one  cylindrical  boiler,  with  cylindrical  furnaces,  and  hor- 
izontal fire  tubes  returned  over  them.  A  large  portion  of  the  steam 
room  was  in  a  steam-chimney  or  drum  placed  aboye  the  shell  and  tra- 
versed by  the  chimney,  so  that  the  steam  in  the  drum  was,  in  a  mea- 
sure, su})erheated  by  the  escaping  hot  gases  of  combustion. 
Diameter  of  the  boiler  shell,  .  .  7  feet. 

Length  of  the  boiler  shell,  .  .  8  feet. 

Diameter  of  the  steam-chimney,  .  .  4  ft.  6  in. 

Height  of  tlie  steam-chimney,         .  .  5  ft.  G  in. 

[Number  of  furnaces,  .  .  .2 

Diameter  of  the  furnaces,  .  .  2  ft.  4  in. 

Length  of  the  grates,  .  .  .5  feet. 

Area  of  grate  surface,      .  .  .  23J  sq.  feet. 

Area  of  water-heating  surface,  calculated   for  out- 
side of  tubes,  .  .  .  519  sq,  feet. 
Calorimeter,  or  aggregate  cross  area  of  tubes,  for 

draught,      .  .  .  .  3-14  sq.  feet. 

Steam  room  in  boiler  shell  and  in  steam-chimney,  94*54  cu.  feet. 

Square  feet  of  water-heating  surface  per  square 

foot  of  grate  surface,  .  .  .         22-2429 

Square  feet  of  grate  surface  per   square   foot   of 

/cross  area  of  tubes,      .  .  .  7-4310 

Screws. 

The  screws  experimented  with  were  seyen  in  number,  and  are  des- 
ignated by  letters  from  A  to  G,  both  inclusiye.  In  the  tables  herein- 
after griyen,  the  columns  headed  with  these  letters  contain  the  data 
and  results  of  the  experiments  made  with  the  screws  of  corresponding 
letters. 

All  the  screws  were  of  cast  brass  with  the  exception  of  screws  B 
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:iimI  (!  wliirli  were  ot  <-;i??t  iron  ami  liinl  Idmlf-  ahoiit  two  and  a  halt 
tiincH  tliickor  than  the  hrass  ones. 

All  the  .srrews  liad  lour  hladcs  and  a  unitorni  pilch,  whiih  varied 
lor  the  diflbrcnt  screws  from  T'oO  to  JJ'08  I'eet.  The  mean  fraction 
used  of  the  |)it<'h  varied  al.-o  from  0"10I>4  to  ()*07o(J.  The  diameter 
of  all  the  screws,  except  A  and  /•',  was  o  feet;  that  of  ,1  wa-  -ImU'jS 
feet  and  that  ol"  F  was  V^  feet. 

When  the  vessel  was  at  re>t,  a  small  jmrtion  of  the  '>  feet  diameter 
screws  ])rotruded  alxjve  tiie  water;  hut  when  the  vessel  wa^  in  motion 
iit  the  experimental  speeds,  all  the  screws  were  submergetl,  owing  to 
the  droj)ping  of  the  stern. 

The  following  table  shows  the  priiiei|ial  <limensions  of  tiie  screws: 


-  _-  /. 


"C  *  .Diameter,     Piteli.      _: 
feet.  feet.         •- 


A 
B 
€ 
1) 
E 
F 
G 


4-()j:)S  s-i(M)  4 

.">•()()()()  7- .")()<»  1 

O-OOOO  7-5UU  4 

:)-()0()(l  8-(32o  4 

5'0(M)()  !)•(>()(»  4 

4-(;(;(17  !»-()()0  4 

5-0(K)()  7-!i()()  4 


():»1(;7  :y\'hA  7-9447  (»:',:;•_'."> 

1-1  s7.')  ln-l(i!»;j  1.3-52(J»)  (io-_'s.'J 

Oo2()8  ■r24"j7  <r7S(;(»  •     (••27();; 

(>4i(;i  3-s(i!i7  .j-n47(»  (ii!t:u 

<i-812o  6-8!>7o  J»-.'34(;>7  (i:'..")!;! 

0.8125  5-9<).j1>  8«J8.")(>  O-oVJ!) 

1-270S  ll-(Mt;is  14-sl")";  n:,7;?i; 


The  following  are  detailed  descriptions  of  each  screw,  wherein  the 
form  of  the  hlade,  or  its  outline,  is  given,  together  with  it<  thickne» 
4ind  the  <liameter  of  the  huh,  etc. 

S  i;kw   ,1. 

This  screw  was  of  cast  l)ra><  and  had  a  uniform  |)itch.  The  hlado, 
A\  hen  viewed  in  piojection  on  a  plane  pai-allel  with  the  axis,  inereasoil 
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gradually  in  length  from  the  hub  to  a  radius  of  13|  inches,  from 
which  their  length  gradually  decreased  to  the  periphery.  The  hub 
was  scpiare  and  the  blades — which  were  cast  separately — were  bolted 
to  it.  The  thickness  of  the  blades  at  the  fillet  of  the  hub  was  1^-^ 
inches. 


Diameter  of  the  screw,  .  .  •  4-6458  feet. 

Diameter  of  the  hub,         .  .  •  0-833:3  feet. 

Pitch  of  the  screw,    .  .  .  •  S'4:        feet. 

Number  of  blades,  .  .  .4. 

Length  of  the  screw  at  the  hub,  in  the  direction  of 

the  axis,  ....  0-5625  foot. 

Length  of  the  screw  at  radius  of  13i  inches,  in  the 

direction  of  the  axis,  .  .  •  0-9167  foot. 

Length  of  the  screw  at  the  periphery,  in  the  direction 

of  the  axis,  ....  0-3125  foot.. 

Mean  fraction  used  of  the  pitcli,         .  .  0-3325 

Projected    area  of  the  blades    on  a  plane    at    right 

angles  to  the  axis,  .  .  .  5-4551  sq.  ft. 

Helicoidal  area  of  the  blades,  .  •  7-9447  sq.  ft. 

Screw  B. 
This  screw  was  of  cast  iron,  and  had  a  uniform  pitch.     The  hub 
and  blades  were  cast  together.     The  blades,  when  viewed  in  projec- 


I 
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tion  on  a  plane  parallel  with  the  axis,  liad  their  edges  parallel  from 
the  liiilj  to  :i  radius  of  G^  iiiche:^.  From  this  point  to  a  radius  of  18 
inches  the  lenj^th  of  the  i)lades  gniduallv  hut  irregularly  increiLsed> 
From  the  radius  of  18  inches  to  the  peripliery  the  length  of  the 
blades  gradually  decre;ised.  The  <»uter  corners  of  th(?  Mades  were 
excessively  rounded.  Tiie  hub  w:is  cylindriiral,  and  the  thickness  of 
the  blade  at  its  fillet  was  3  inches. 


Diameter  of  the  screw, 

Diameter  of  the  hub, 

Pitch  of  the  screw,    .... 

Xumber  of  blades, 

Length  of  the  screw  at  the  hub,  anil  to  radius  of  0.1 

inches,  in  the  direction  of  the  axis, 
Length  of  the  screw  at   radius  of  18   inches,  in   the 

direction  of  the  axis, 
Length  of  the  screw  at  the  i>erii>hcry,  in  the  directiini 

of  the  axis,  .... 

Mean  fraction  used  of  the  [>itch, 
Projected  area  of  thr  i)lades  on  a  plane  at  riirht  an«Tles 

to  the  axis,  .... 

Helicoidal  area  of  the  blades, 


00 
70 


foot. 
fe*-t. 


4. 


1 

(>• 
0- 

u> 

13- 


•GGG7 
•ls7o 

:)080 
5283 

16!»3 
5-2G0 


foot. 

feet, 
fwt. 


s^i.  ft. 
Sfp  tt. 
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Screw  C. 

Tliis  screw  was  of  cast  brass,  and  had  a  uniform  j)itch.  Tlie  liuh 
and  blades  were  cast  together.  Tlie  edges  of  the  blades,  when  viewed 
in  projection  on  a  plane  parallel  with  the  axis,  were  parallel  segments 
•of  circles  curving  backwards,  the  radius  of  the  forward  edge  being 
-9 •25  feet.  The  outer  corners  of  the  blades  were  rounded  with  easy 
■curv^es.  The  hub  was  cylindrical,  and  the  thickness  of  the  blade  at 
ats  fillet  was  If  inches. 


Diameter  of  the  screw,               .  .                  .  5*0        feet. 

Diameter  of  the  hub,         .  .                  .  0*5417  foot. 

Pitch  of  the  screw,    .                  .  .                  .  7*5        feet. 

Number  of  blades,             .  .                  .4. 

Length  of  the  screw  in  the  direction  of  the  axis,  uni- 
form from  hub  to  periphery,  .                  .  0'5208  foot. 

Fraction  used  of  the  pitch,        .  .                  .  0*2703 

Projected   area  of  the   blades   on  a  plane   at  right 

angles  to  the  axis,                    .  .                  .  5*2457  sq.  ft. 

Helicoidal  area  of  the  blades,  .                 .  6*7860  sq.  ft. 
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Tliis  screw  was  of  cast  brass,  and  li:i<l  a  iinif'onu  jtlt<li.  The  linl) 
and  blades  were  cast  totfctlicr.  Tlic  cdircs  of"  the  blades,  when  viewed 
in  j>n»jection  on  a  plane  j)arallel  with  the  axis,  were  parallel  segment- 
of  circles  curving  backwards,  the  radius  of  the  forwanl  edge  being 
0"25  feet.  The  outer  corners  of  the  blades  were  rounded  with  easy 
curves.  The  liub  was  cylindrical,  and  the  thickness  of  the  bla<le  at 
its  HI  let  was  If  inches. 

I  )iaiiieter  of  the  screw,  .  .  .     o'OOO    feet. 

1  >ianieter  of  the  hub,  .  .  .  0*-">417  foot. 

I'irch  of  the  screw,    ....      .S'(j2.">     feet. 
Xninbcr  ot"  blades,  .  .  .4. 

Length  of  the  screw  in  tiie  directi<»n  of  the  axis,  tnii- 

forin  from  hub  to  periphery,  .  .  n-44(Jl  Ibui. 

Fraction  used  of  the  pitch,         .  .  .     0-lli«»4 

Projected    area  of   the    bhules    on  a  plane    at    right 

angles  to  the  axis,  .  .  .     3'8<]Jl7  sfp  ft. 

Ilelicoidal  area  <»f  the  blades,  .  o*o47(J  sj.  ft. 

SclJEW  E. 


Til  is  screw  was  of  cast  brass,  and  ha  1  a  uniform   j)itch.     The  iutb 
and  blades  were  cast  togetiicr.     The  e<lges  of  the  blades,  when  viewal 


. 

5-          feet. 

0-5625  foot. 

. 

9-          feet. 

4. 

axis, 

, 

0-8125  foot. 

0-3549 

right 

6-8975  sq.  ft, 

. 

9-3407  sq.  ft, 
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in  projection  on  a  plane  parallel  with  the  axis,  were  parallel  segments 

•of  circles,  the  radius  of  the  forward  edge  being  9-25  feet.     The  outer 

■corners  of  the  blades  were  rounded  with  easy  curves.     The  hub  was 

•cylindrical,  and  the  thickness  of  the  blade  at  its  fillet  was  If  inches. 

Diameter  of  the  screw, 

Diameter  of  the  hub. 

Pitch  of  the  screw,  . 

Number  of  blades, 

ieno-th  of  the  screw  in    the  direction  of  the 

from  hub  to  periphery. 
Fraction  used  of  the  pitch, 
Projected   area  of  the    blades   on  a  plane   at 

angles  to  axis, 
Helicoidal  area  of  the  blades,    . 

Screw  F. 

This  screw  Mas  of  cast  brass,  and  had  a  uniform  pitch.  The  hub 
ivnd  blades  were  cast  together.  The  edges  of  the  blades,  when  viewed 
in  projection  on  a  plane  parallel  with  the  axis,  were  })arallel  segments 
of  circles  curving  backwards,  the  radius  of  the  forward  edge  being 
S-25  feet.  The  outer  corners  of  the  blades  were  rounded  with  easy 
curves.  The  hub  was  cylindrical,  and  the  thickness  of  the  blade  at 
its  fillet  was  If  inches.  In  all  respects  except  diameter,  screw  F  was 
the  duplicate  of  screw  E. 

Diameter  of  the  screw,  .  .  •     ^i         feet. 

Diameter  of  the  hub,         .  .  .  0-5625  foot. 

Pitch  of  the  screw,    .  .  .  .9'  feet. 

Xumber  of  blades,  .  .  .4. 

Length  of  the  screw  in   the  direction  of  the  axis, 

from  hub  to  periphery,  .  .  0-8125  foot. 

Fraction  used  of  the  pitch,         .  .  .     0-3539 

Projected   area  of  the   blades   on  a  plane   at  right 

angles  to  axis,  .  .  .  5-9659  sq.  ft, 

Helicoidal  area  of  the  blades,    .  .  .     8-6850  sq.  ft. 

Screw  G. 

This  screw  was  of  cast  iron,  and  had  a  uniform  pitch.  The  blades, 
when  viewed  in  projection  on  a  plane  parallel  with  the  axis,  increased 
gradually  in    length  from    the    hub  to  a  radius   of    21  inches,  from 
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Avliich  the  leiitjtli  liradiialiy  (Icci-ca-c*!  tit  tln'  )>•  ii|.li«  ly.  'J'Ih-  ]ml» 
■was  cylin<lri<'al,  ami  tin-  tliic.-kiiess  of  the  Idadt-  at  it-  till<t  was  4 
anclies. 


T)iainctor  of  the  screw,  .  .  .  •')•<>         tet-t. 

Diameter  of  tlie  hul),         .  .  .  n-7"»       f....t. 

Piteli  of  the  screw,    .  .  .  .  Tl*         ir.  t. 

Xiunber  of  l)hKles,  ...  4. 

Length  of  tlie   .screw  at    the    liiil).  in  the  dircctiim  of 

the  axis,  ....  0-8542  font. 

Ijcngtli  of  the   screw  at    radius  (»f  "Jl    iiirlio.  in    th*- 

direction  of  the  axis,  .  .  .  iL'Tos  t'cct. 

Jvcngth  of  the  screw  at   the   jH'ri)»hery,  in   \\\>-  dii<.- 

tion  of  the  axis,     ....  OSToU  foot. 

]\Iean  fraction  used  of  tlie  pitch,         .  .  n-.")7."]<)  f<»ut. 

Projected    area  of   the    blades    on   a    j)lanc    at   right 

angles  to  the  axis,  .  .  .  llOOiiS  si|.  tt. 

Helicoidal  area  of  the  hlado,    .  .  .  14-s4')-i  -<j.  It. 

Kxi'i:i;iMKNT>. 

The  experiments  were  made   in   the   perfectly  smooth  water  of  the 
Potomac  River  near  the  city  ot"  ^^  ashington,  over  a  l)ase  of  11^  got»- 
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graphical  miles,  according  to  the  Coast  Survey  Chart,  extending  from 
marks  abreast  the  wharf  at  Giesborough  Point  to  marks  abreast  the 
wharf  at  Marshall  Plall.  During  all  the  experiments,  the  position  of 
the  throttle  and  of  the  cut-off  valves  remained  the  same,  nor  wa.s 
there  any  sensible  cliange  in  the  general  state  of  the  machinery.  The 
steam  pressure  in  the  boiler  was  maintained  as  nearly  as  possible  at  80 
pounds  per  square  inch  above  the  atmosphere,  and  the  engine  and 
boiler  were  managed  throughout  by  the  same  persons. 

Each  experiment  was  made  in  exactly  the  same  manner.  Steam 
Avas  raised  and  the  machinery  operated  at  the  Xavy  Yard  wharf  until 
the  fires  were  brouglit  to  steady  -action,  when  the  vessel  proceeded  to 
the  nearest  terminus  of  the  base,  which  she  passed  at  her  maximum 
speed  for  the  boiler  pressure,  when  one  observer  took  the  time  and 
another  the  reading;  of  the  taffrail  loa;  made  bv  Bli.ss  &  Co.  As  tlie 
vessel  passed  the  farthest  terminus  the  time  and  log  reading  were 
again  taken.  The  vessel  was  not  put  about  until  at  a  distance  l^eyond 
tlie  last  terminus  that  would  allow  her  on  tlie  return  to  pass  it  at  the 
maximum  speed  for  the  boiler  pressure,  as  before.  The  reading  oi" 
the  engine  counter  in  the  engine  room  was  taken  simultaneously  with 
the  log  and  time. 

The  indicators  employed  were  new,  and  of  Thompson's  design ; 
during  each  run,  excepting  the  first  four  with  screw  A,  there  were 
taken  by  them  six  sets  of  indicator  diagrams  from  each  end  of  each 
cylinder,  the  diagrams  being  equispaced  over  the  time.  The  indicated 
pressures  in  the  different  experiments  are  the  means  of  all  the  dia- 
o;rams  taken.  Durino-  onlv  the  last  two  runs  with  screw  A  were  there 
any  diagrams  taken,  and  the  mean  pressure  from  tliem  has  been 
assumed  as  the  mean  pressure  for  the  entire  experiment. 

During  all  tlie  runs  the  vessel's  trim  and  draught  of  water  remained 
sensibly  the  same. 

The  experiments  with  screws  A,  B,  C,  D  and  E  consisted  of  six 
runs  over  the  base  with  each,  three  in  each  direction,  and  they  were 
made  on  three  different  days,  a  pair  of  runs  being  made  in  immediate 
succession  on  each  day.  The  experiments  with  screws  i^  and  (rwere 
made  in  the  same  manner,  except  that  they  consisted  of  only  four  runs 
over  the  base,  two  in  each  direction,  and  they  were  made  on  two  dif- 
ferent days,  a  pair  of  runs  being  made  in  immediate  succession  on 
each  day. 

During  experiments  A,  B,  C,  D  and  E  the  vessel  was  not  coppered,^ 
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the  iiiirnerswl  portion  u|"  the  liiill  j (resenting  a  planed  \v<»«xlen  surface 
to  the  water.  I)iirin<r  experiiiiciit.-  /-'and  (r  this  |M»rtion  was  covered 
witli  smooth  rolled  <'C)p[)er. 

The  speed  of  the  ve.ssel  wa.s  deterniiiied,  a-  >tated.  l»y  the  shore  dis- 
fcmces  and  by  the  taifrail  loju^  for  each  run  over  the  Uuse.  Tlie  mean 
of  the  s[)eeds  of  tlie  diilerent  rnns  of  the  same  experiment,  hv  the 
shore  marks,  is  taken  as  the  mean  for  the  entire  experiment  aeeordinj^ 
to  that  measnrement.  And,  in  the  same  maimer,  the  mean  ot"  the 
s|)eetls  of  the  dilfereiit  rim>  of  the  same  experiment  I»y  the  taffrail  htjr 
is  taken  as  the  mean  lor  the  entire  experiment  aecortling  to  that  me;u3- 
urcment.  The-^e  two  meiujiirenients  differed,  and,  with  a  slight  irregu- 
larity for  the  different  experiments,  the  mean  dilference  deduced  from 
all  the  experiments  showing,  as  ndght  be  ex[)eeted,  that  the  in<lications 
by  the  tatfrail  log  were  greater  than  those  i)y  the  shore  marks,  the 
ratio  being  as  TOoTli  to  TOOOO.  Tin-  ratio  may  i>c  taken  as  a  con- 
stant correction  for  the  taffrail  log,  which,  as  its  determinations  were 
unaffected  i)y  cnrrent,  can  be  considered,  when  thns  corrected,  lus  the 
most  accurate  measure  of  thi'  vessel's  speed.  Accordingly,  the  speed 
bv  the  loy;  thus  corrected  is  whiit  is  ^iven  in  the  tbllowintr  tables. 

The  mean  munber  of  revolutions  made  by  the  screw  per  minute 
during  a  run  wa>  ascertained  from  the  time  and  the  total  number  of 
]eV(ilutions  given  by  the  counter  iluring  that  run  :  and  the  mean  num- 
l)er  of  revolutions  ma«le  per  mimite  by  the  screw  during  an  experi- 
ment is  the  mean  of  the  means  of  those  made  during  the  runs  com- 
posing that  exptMinienl. 

(To  lie  I'ontiniKHl.  i 


Volatility  of  Sulphuric  Acid.  —  Kegnault  has  shown  that  mer- 
cury i-  \(>latilc  even  at  \t  ry  low  temperatures;  but  it  has  been  gener- 
ally th(»ught  that  sulphurii'  ai'i<l  is  n<»t  volatile  at  ordinary  tempcni- 
tures.  A  writer  in  //  I'ror/n\s.'<o  has  foinid  that  in  operating  in  an 
atmosphere  that  had  been  dried  with  sulphuric  acitl,  litmus  pajxr  was 
soon  discolored  and  gnuhially  disorgani/.etl.  This  fact  may  explain 
the  sulphur  rays  which  are  often  observetl  in  Geissier  tubes.  It  mav 
alst>  be  of  great  importance  in  ehemiral  analyses,  where  the  vapor  of 
sul[)huric  acid  under  certain  conditions  might  change  the  character  of 
compounds  without  its  presence  being  suspeete^l.-C'/j/'o/J.  Indu.'<{.  C 
Whole  No.  Vol.  CXll. — i,  TiiiKD  Skiue.>j,  Vol.  lxx.\ii.)  4 
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PERCUSSION  HOCK  DRILLS. 


By  Robert  Grimshaw. 

Paper  read  before  the  Franklin  Institute  June  15,  1881. 


The  name  "  rock  drill  "  is  in  most  cases  a  misnomer,  as  the  devices 
used  for  perforating  rock  very  seldom  have  a  drilling  action  proper. 
The  French  word  "  perfoi-atrice,"  or  perforator,  is  used  with  })etter 
reason.  However,  there  is  little  more  use  in  calling  attention  to  this 
fiict,  than  in  stating  our  use  of  the  word  fore-plane  is  incorrect  and  the 
English  use  correct;  the  English  meaning  by  fore-plane  what  we  call 
a  jack-plane,  which  is  really  the  before  plane. 

As  ordinarily  known,  a  drill  is  a  device  which,  b}^  rotation  and 
lengthwise  advance,  makes  a  round  hole  in  some  solid  material,  as 
wood,  metal,  ivory,  etc. 

In  making  holes  in  rock  there  are  several  ways ;  the  oldest,  by  per- 
cussion only,  accompanied  by  intermittent  rotation  of  the  drill  bit. 
Very  little  rock  is  wrought  by  drills  proper,  having  steady  advance 
and  continuous  rotation,  and  breaking  up  all  the  material  they 
remove.  There  is  one  type  of  rock  drill  which  has  continuous 
rotation  and  continuous  advance,  and  which  cuts  out  an  annular 
channel,  leaving  in  the  centre  a  solid  core  which  may,  with  care,  be 
removed  for  inspection.  The  first  and  the  third  of  these  types — that 
is,  the  percussion  drill  and  the  ring  or  rock  drill — are  most  generally 
in  use.     I  shall  in  this  paper  treat  of  percussion  drills  only. 

The  drill  proper  is  the  drill  bit,  although  usage  sanctions  the  use  of 
the  word  drill  for  the  entire  machine  which  guides  or  which  drives  the 
bit.  Up  to  twenty  years  ago,  there  were  very  few  drills  driven  except  by 
hand  power,  the  drill  shank  being  either  struck  directly  by  hammer 
blows  or  raised  by  some  machine  and  driven  forward  by  a  spring. 
We  will  speak  of  these  two  methods  as  the  hand  drill  and  the  hand- 
drilling  machine  systems.  So  much  more  wcH'k  can  be  done  by  hand- 
drilling  machines  than  by  hand  drilling  pure  and  simple,  that  the 
next  step  was  to  introduce  a  machine  to  imitate  hand  percussion  drill- 
ing, with  much  greater  force  than  by  hand  direct  or  by  hand  power 
machines.  Of  course  the  use  of  steam  and  of  compressed  air  in  a 
cylinder,  to  effect  percussion  by  a  drill  bit  fastened  to  the  piston  rod 
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<»f  tlic  cvliiidcr,  ii.iliinillv  .^ut^^n-sts  it.sclC;  tin-  rotation  of  the  «lrill  l»it 
(III  tlic  I»a<-1<  stroke  :iii<l  it.-  ailvam-i-  li'iij^tliwin',  to  coitc.-jmjimI  with 
tin-  <l<'|(tli  of  tin;  cut  taken  at  earh  -troke,  Ix-iii^  c*tli'<-t«.'<I  In-  inaiiv 
iiiecliaiiical  devices.  Sm-li  a  »le\i'<-  inn-titiit. -.  tin-  i<M-k-j><'rl"oratin;^ 
inacliino;  or  "  ro<*k  drill"  lor  .-lioii. 

As  ordinarily  constrnct<d,  there  i>  a  douMc-actin^  steam  engine, 
lia\iii«;  a  piston  with  a  \cry  long  head,  -ay  ."i  inches  in  diameter,  the 
rod  having  the  drill  .-hank  clamjM'd  to  it  <lirect.  'J'Ih.*  valve  motion  ot* 
this  iiiacliiiie,  making  a-  it  doe^  ."Joo  -tiokes  per  iiiimite  and  iij»wards, 
must  he  ellective,  >iiiiple,  diiralile,  compact  ami,  if  po."<sil»le,  e<'onomi- 
cal    oi'  steam.     Ordinarily  the  di-trihiiting  valve    is  a  slide  valvi-,  or 

it-    mo<lilica(ion,  the    recipi ating    pi-ton  valve;   the  cvlinder  liaving 

|»<trls  from  each  end  of  the  steam  <-he.-t  in  wlii«-h  the  valve  move-  to 
and  fro.  TJie  motion  of  the  valve  is  ellected  hv  one  of  three  svs- 
tcMis  ;  hy  lever,  or  tapjiets  struck  hy  tin*  pist<»n  iiead,  or  l»v  a  l>oss 
•or  its  eipiivalent  n|)on  tin-  pi-toii  rod  ;  1»\-  having  the  machine  du- 
plex; and  l>y  fluid  transmi--ioii  without  any  mechanical  connection 
proj»er.  Some  machines  have  no  -eparatc  external  val\e;  the  pi-ton, 
•or  a  sleeve  thereon,  jurforming  the  valve  olliee. 

The  rotary  motion  is  generally  given  \>y  lluie-  u|H)n  the  >tem  ot  the 
piston  working  in  a  fluted  ratchet  nut,  although  tliere  are  other 
iiK  ihods;  for  instance,  the  -tem  may  l»e  in  the  hack  cylinder  head  and 
(he  lalchet  nut  in  the  piston  head,  etc.  The  forward  teed  of  the  drill 
hit  may  he  hy  forward  motion  of  tin*  piston  in  the  cylinder,  the  str(»ke 
getting  longer  each  time;  or  hy  the  stroke  remaining  the  siinw  in 
IcfiLitii,  while  cliaiiging  it-  |»lai-e  in  the  cvlinder  I  tore  ;  or  the  cvliiitler 
may  he  advanc<tl.  This  feed  may  he  either  automatic,  or  hv  hand  ; 
and  if'  automatic,  it  may  he  regular  and  in<le|)<'ndcnt  of  the  hard- 
nc-s  of"  the  rock  heing  penetrated;  or  it  mav  In-  controlhtl  l»\ 
which  this  depth  of  feed  may  he  rcgulatcil  hy  hand  while  the  actual 
work  is  done  automatically;  or  the  forward  fnil  mav  Ik-  determin«Hl 
l»y  the  depth  of  the  last  cut  taken,  .so  that  if  the  drill  strikts  a  hard 
|tlace  and  d«H's  not  cut  a.-^  «leep  as  when  it  i.-  working  in  a  -oft 
pla«'e,  the  feed  will  he  lcs.M'ned.  (tener.illy  the  cylinder  lua<ls  are 
cushioned  with  ruhlu'r  jn'oti-i-teil  with  metal  dis«>,  or  else  there  is  verv 
great  cushion  of"  the  driving  air  or  -team,  in  order  to  pri-vent  tiie 
heads  heing  knocked  out  l>y  the  drill  i)it  <'oming  sudtlenlv  into  a  .-«»f't 
phu'e  or  a  cavity. 

As  regards  the    mounting  of'  the   machine,  thi-  tlei>ends  ujxui  tiie 


52  Grimshmc — Rock  Drills.  [Jour.  Frank.  Inst.^ 

Avork  to  be  done.  If  in  quarrying  or  in  otlier  surface  work,  where 
the  holes  are  all  vertical  or  nearly  so,  the  most  common  mounting  is 
a  tripod  having  adjustable  legs,  which  are  weighted  down  to  keep' 
the  machine  in  place,  and  are  often  extensible  to  allow  of  more  perfect 
and  steady  placing.  The  steam  or  compressed  air  is  led  to  the  neigh- 
borhood of  the  drill  by  steam  pipes  of  iron,  and  from  them  by  flexible 
hose  to  the  steam  chest.  If  the  machine  is  for  gallery  work,  in 
which  all  the  holes  are  horizontal  or  nearly  so,  the  machine  is  gen- 
erally mounted  upon  a  column  having  thrust  screws  which  jam  it 
ao-aiuist  the  top  and  bottom  of  the  heading  and  hold  it  firm.  In 
some  cases  this  column  is  threaded,  to  allow  the  machine  to  be  adjusted 
in  height,  in  others  the  column  is  smooth  and  the  machine  is  clamped 
at  tiie  desired  height.  In  others  this  column  is  mounted  upon  a 
carriage  and  has  transverse  motion  by  slides  upon  the  carriage  frame. 
In  all  cases  where  a  column  is  ased,  the  machine  has  free  adjustment 
in  the  horizontal  plane  and  also  swings  in  a  vertical  plane,  so  that  it 
has  free  adjustment  after  the  column  is  in  place,  in  height,  in  the 
vertical  angle  and  in  the  horizontal  angle. 

For  tliat  class  of  surface  work  where  it  is  desirable  to  channel,  or 
cut  a  number  of  holes  in  a  line  close  together,  there  is  an  arrange- 
ment permitting  this  to  be  done.  In  some  cases,  for  tunnel  work^ 
several  drills  are  mounted  upon  a  carriage  and  all  are  given  length- 
wise advance  at  the  same  time  by  this  carriage,  although  each  one 
may  cut  at  any  desired  angle  in  the  vertical  or  horizontal  plane. 
For  those  situations  where  it  is  necessary  to  cut  down  close  to  the 
floor,  a  special  type  of  frame  must  be  used,  and  in  some  cases  a 
special  type  of  machine.  I  show  on  the  screen  several  types  of 
drills  and  several  styles  of  mounting  them.  Some  of  the  illustra- 
tions are  from  working  drawings  of  the  makers. 

It  can  be  said  about  the  tappet  system  of  working  a  valve,  that, 
Avhile  giving  a  positive  motion  to  the  valve,  there  is  liability  to  and 
there  ahvays  has  been  trouble  from  breakage  of  the  tappets  and  their 
slio-ht  working  parts,  which  are  struck  so  many  times  a  minute 
with  such  great  force.  This  trouble  is  increased  in  frosty  weather 
and  this  brings  the  repair  bill  up  very  high.  Some  opponents  of 
tappets  think  that  because  the  piston  has  to  strike  the  tappet  on  the 
working  stroke,  the  full  force  of  the  blow  is  not  delivered  upon 
the  rock ;  but  it  seems  to  me  that  this  is  but  a  trivial  matter. 

The  duplex  system  is  not  in  use  in  this  country.     Because  of  the 
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very  rough  usage  that  the  rock  perforating  machine  has  to  undergo, 
it  is  well  that  there  be  as  few  exposed  working  portions  as  possible. 

In  reference  to  automatic  feed;  this  is  not  generally  applied  to 
.«maU  machines,  liecause  these  being  used  uiKlergroiind,  light  weight 
.•and  sinipli<^ity  is  desirable.  Where  anloinafic  feed  is  u-^od.  but  one 
man  is  needed  to  work  the  machine. 

In  reference  to  steam  «r  air  cushion,  those  who  oppose  it  do  so  on 
the  ground  that  the  motive  fluid  must  be  introduced  by  this  means, 
in  front  of  tJie  advancing  ]>iston  ;  so  that,  although  the  head  is  pre- 
:served  from  being  knocked  out,  the  blow  is  lessened  in  force  and 
deepness. 

Rotation  is  for  two  purj)oses  ;  first  to  make  a  perfectly  round  hole, 
and  second  to  make  the  bit  work  not  only  by  mashing  away  the 
rock  in  front  of  it,  but  also  by  wedging  off  a  portion  of  rock  between 
the  new  cut  and  the  last  old  one.  To  this  a  third  reason  may  be 
4idded,  that  it  preserves  the  edge  of  the  bit,  thereby  lessening  the  wear 
and  saving  cost  of  sharpening. 

The  bits  arc  of  various  shapes;  the  most  common  being  in  the 
(brm  of  an  X.  l*'or  loose,  seamy  rock,  a  Z  slia|)c  is  found  to  answer 
well. 

The  adjust;il)ility  of  the  tripod  may  seem  a  very  littlt-  thing,  but  it 
means  a  great  deal.  A  machine  properly  mounted  will  work  whei'c 
two  men  cannot  work  with  hammei-s  upon  the  face  of  the  cut.  In  a 
seam  only  two  feet  thick,  like  that  at  Port  Henry,  New  "N'ork,  the 
machine  has  to  work  nearly  flat,  with  the  legs  spread  a|)art. 

By  employing  a  lateral  arm  clam])ed  to  the  column,  the  drill  may 
be  moved  in  or  out  on  tlu'  arm,  and  the  arm  moved  u])  or  down  or 
moved  around,  thus  commanding  a  iai'ge  |)ortion  of  the  breast  with- 
out moving  the  colunni.  The  colunui  should  thrust  against  >hort 
])ieces  of  timber  at  toj)  and  bottom.  Cohnnns  over  S  feet  long  arc 
apt  to  give  give  trouble  from  vibration.  For  a  veiy  large  work,  a.s 
tunnels,  the  column  may  be  used  to  worU  out  a  drift  of  considerable 
si/.e  in  extension  of  the  line  of  the  roof,  and  the  trijxxls  usi-d  to  take 
up  the  bottom.  This  has  the  advantage  of  dividing  the  drilling 
ground  and  enabling  more  men  to  be  used. 

The  disadvantage^  of  the  carriage  is  that  the  gi'ound  nui-t  be  cleand 
before  the  carriage  ciui  be  run  uj)  to  the  heading. 

As  regards  the  size  of  drills  to  use:  -l-inch  is  used  tor  -ubniariiie 
work,  mounted    u])on    a    scow    or   frame  ;   tor    deep    heav\-    tunneling, 
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mounted  upon  a  carriage  ;  and  for  deep  rock  cutting,  mounted  upon  a 
tripod.  This  size  will  drill  from  1  to  40  feet  deep  and  from  2  to  6^^ 
inches  in  diameter. 

The  4-inch  is  for  tunneling,  heavy  straight  grading  and  quarr}^ 
work,  and  \vhere  12  to  20  feet  holes,  2  to  4  inches  in  diiimeter^  are  tO' 
be  made  in  very  hard  rock. 

The  3i-inch  and  the  3-inch  are  the  most  ii^ed  ;.  being  found  in 
(piarries,  railroad  tunnels,  grading,,  sewers  and  mining ;  the  SJ-dncK 
drilling  a  12  feet  hole,  Ih  to  2^^  inches  in  diameter,  and  the  3-inch 
drilling  an  <S-fcet  hole,  1  to  2  inches  in  diameter.  BeloAV  this  size  there 
are  the  2f  and  2J-inch  drills. 

For  horizontal  drilling  the  capacities  are  about  5  less.  As  regards 
the  (rapacity  of  these  drills,  I  annex  some  figures  &ho\\nng  what  they 
will  do  in  various  kinds  of  rock,  and  in  some  cases  showing  the  rate 
of  hand  work  in  the  same  rock. 

There  is  some  work,  such  as  cutting  slate,  granite  and  marble,  where 
blasting  cannot  be  used  for  fear  of  breaking  the  stone,  and  in  this  case 
2-inch  holes  are  drilled  in  a  row,  two  inciies  apart,  and  the  connection 
broken  doM-n  by  throwing  out  the  rotation  gear,,  and  working  out 
the  stone  between  the  holes  with  a  drill  bit  having  a  flat  point. 

As  far  as  possible,  the  drilling  machine  should  be  light,,  coiupact,. 
strong,  portable,  quickly  set  up  and  moved,  simple  in  construction,, 
readily  repaired  at  the  shaft-head,  economical  of  steam  or  compressed 
air,  rapid  in  motion,  free  from  trouble  in  freezing  up  where  compressed 
air  is  u.sed.  If  possible,  the  drill  should  be  withdrawn  automatically 
when  desired.  The  machine  should  strike  the  blow  variably  accord- 
ing; to  the  rock  beina;  entered.  It  is  desirable  that  the  hole  be  churned 
out  by  the  machine  itself,  and  that  the  bit  shank  may  be  quickly 
attached  to  the  piston  rod.  Some  like  self-feed,  some  do  not.  The 
machine  must  be  readily  taken  apart  and  kept  clean  and  in  working 
order.  It  must  drill  deep  at  one  setting  up.  The  heads  should  not 
knock  out,  and  the  tappets,  if  there  be  any,  should  not  break.  The 
piston  rod  should  be  large. 

In  the  Johnson  machine  there  is  .self-feed  and  steam  or  air  pull- 
back.  The  whole  cylinder  may  be  slipped  through  the  body  clamp  to» 
or  from  the  rock,  thus  adding  to  the  length  of  the  feed. 

In  the  Bryer  drill  there  are  but  two  working  parts — the  pi.ston  and 
the  rotation  bar,  the  piston  being  its  own  valve,  regulating  the  admis- 
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sion,  cut-off'  ;ui(l   exliausts   by  annular   <;roove.s   in    the   cylinder  and 
piston.     It  is  steam-cushioned  at  each  end. 
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In  the  Rand  drill  the  tappets  are  moved  by  the  piston  instead  of  by 
projections  upon  the  piston  rod.  The  feed  in  the  machine  is  by  hand, 
a  square-threaded  screw  carrying  the  cylinder  along  on  its  bed-plate, 
which  latter  has  a  vertical  pivot. 

In  the  Burleigh  tap]iet  drill  there  is  a  trough  Avith  ways  on  each 
side,  in  which  the  cylinder  slide.s.  The  screw  feed  is  automatic.  Tiie 
piston  rod,  which  has  a  double  annular  cam  and  spiral  grooves,  con- 
trols the  valve,  effects  the  feed,  and  causes  bit  rotation.  It  is  sometimes 
mounted  in  gangs  in  a  frame  or  carriage,  two  on  a  horizontal  bar 
across  the  top  and  two  at  the  bottom,  each  having  adjustability  in 
these  planes. 

The  single  drill  is  mounted  on  a  threaded  telescopic  iron  col- 
umn, having  a  single  sharp  point  at  the  bottom  and  an  iron  thrust 
claw  at  the  top.  This  column  may  also  be  use<l  horizontally  for  shaft 
work. 

The  new  Sergeant  drill,  made  by  the  Ingersoll  Rock  Drill  Co.,  was 
described  at  length,  and  illustrated,  by  Mr.  F.  L.  JVIiller,  in  a  paper 
before  the  Engineers'  Club  of  Philadelphia,  September,  1880.  I  show 
upon  the  screen  the  working  drawings  of  the  latest  form.  The  })rin- 
cipal  peculiarities  are  in  the  valve  and  the  ports  and  passages.  The 
valve  is  a  cylinder,  having  flanges  somewhat  smaller  than  the  cylindri- 
cal steam  chest,  in  which  the  valve  slides  upon  a  centi'al  bolt,  which 
serves  to  hold  the  chest  heads  together.  The  chest  heads  have  rubber 
cushions.  The  piston  is  of  great  length,  and  has  a  cavity  as  long  as 
the  piston  stroke,  so  that  it  will  always  register  with  the  ports  and 
allow  the  steam  exhaust  from  the  valve  to  be  exhausted  therein.  We 
will  suppose  the  valve  at  one  end  of  the  stroke  and  steam  let  into  the 
chest;  the  stedm  will  pass  to  the  cavity  between  the  flanges,  the  steam 
being  exhausted  at  the  other  end  there  will  be  no  opposition  to  the 
valve  moving  towards  that  end,  by  reason  of  the  steam  rushing  past 
the  flange  nearest'  the  valve  cylinder  end.  The  cavity  in  the  main 
piston  prevents  the  valve  being  shifted  until  the  main  piston  is  nearly 
at  the  end  of  its  stroke,  when  it  will  uncover  the  exhaust  port  of  the 
valve  cylinder  in  which  the  steam  is  confined,  the  steam  passing  into 
the  upper  port  then  to  the  opposite  end  of  the  chest,  then  by  the  lower 
port  to  the  cavity  in  the  piston.  Rotation  is  by  a  fluted  bar  and  nut; 
and  feed  by  hand. 
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Abstract  of  let-tiires  delivt-n-il   l.t-t'oic  tin-  Knmklin  Inslitiitc,  Miinli  Hi  nii<l  17,  ISSl. 


Your  ('oinii)itt('('  have  iiivit*'(l  iiio  to  leotiire  upon  .^oinc  ot"  tlie 
results  of  investi<i:atioiis  in  whidi  I  have  l)eeii  s])eeially  engaged.  My 
•subject  is  given,  in  one  })art  of  the  aunouneeinent,  as  astronomy  ;  in 
another,  as  the  music  of  the  sj)hei'es.  The  former  title  is  so  far 
ai)pro|>riate  as  it  cle.signates  the  source  from  which  the  greater  part  of 
my  discoveries  have  l)een  derived  ;  the  latter,  as  indicating  the  univer- 
sal harmonics  which  are  manifested,  both  by  atoms  and  by  stars,  by 
microscopic  and  macrocosmic  spheres  alike,  and  which  are,  as  I  shall 
try  to  show  you,  the  necessary  results  (tf  the  plan  wliich  has  estab- 
lished the  stability  of  the  physical  universe. 

It  will  be  impossii^le,  in  two  lectures,  to  do  more  than  glance  at  a 
few  of  the  instances  of  prevailing  rhythin,  but  I  think  you  will  find 
those  which  I  have  time  to  bring  i)cfore  you  rpiite  sufficient  to  serve 
as  the  solid  groundwork  of  a  science  which  is  both  the  oldest  and  the 
newest  of  all  sciences — the  science  of  j)hoto-dynamics  or  radio-dynam- 
ics. I  call  it  the  oldest,  l)ecause  we  are  told  in  Cienesis  that  the  first 
act  of  the  Creator,  in  educing  order  out  of  chaos,  was  the  commtmd  : 
*' Let  there  be  lia-ht  ;"  the  newest,  because  its  rijxht  to  recoirnitiou  is 
as  yet  but  sparingly  and  somewhat  hesitatingly  accepted,  and  l)ecause 
nearly  all  the  materials,  with  which  it  has  to  deal  in  its  s\stematic 
<'oi)r(lination,  have  been  collected  within  the  last  (piarter  of  a  century. 

The  scientific  spirit  strives  always  to  ascend  from  the  special  to  the 
general ;  from  multiplicity  to  unity.  The  Greek  philosophei-s  looked, 
in  turns,  to  each  of  their  four  elements — earth,  air,  fire  and  water — 
as  the  basis  of  all  things.  Newton,  in  his  "  Principia,"  demonstratcNl 
many  propositions  which  are  a]>plicable  in  all  fields  of  j)l;ysical  inves- 
tigation, but  he  used  them  only  for  explaining  the  motions  of  the 
various  members  of  the  solar  system,  lie  spoke,  however,  of  an 
''a^thereal  sj)irit,"  as  a  possible  medium  in  universal  gravitation,  but 
without  giving  any  hint  of  believing  that  any  of  ils  properties  were 
within  the  reach  of  physical  research.  Franklin's  experiments  in 
electricity  furnished  a   foundation  for  eleotro-tlynamics,  and   led  to  a 
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belief,  wliich  is  still  widely  held,  that  in  the  various  forms  of  electri- 
cal manifestation  the  clue  to  all  physical  activity  is  to  be  found. 
Mayer,  Joule  and  their  collaborators  opened  the  gates  of  that  fairy- 
land of  science  which  Tyndall  has  so  admirably  described  in  his 
"  Heat  as  a  Mode  of  Motion,"  and  there  are  many  who  now  believe 
that  all  material  phenomena  are  susceptible  of  an  explanation  by 
thermo-dynamic  laws. 

The  theory  of  the  "correlation  of  forces,"  which  teaches  that  light, 
heat,  electricity,  magnetism  and  chemical  affinity  are  all  forms  of  a 
single  energy,  and  that  they  all  may  be  interchangeably  converted, 
provided  the  proper  conditions  are  observed,  may  be  thought  to  imj^ly 
that  neither  of  the  correlated  sciences  is  entitled  to  any  precedence 
over  the  others,  but  that  each  of  them  becomes  tributary  to  the  gene- 
ral science  of  universal  physics,  so  far  as  it  develops  laws  which  are 
of  universal  application. 

Sir  John  Herschel  appears  to  have  been  the  first  investigator  who 
ever  proposed  any  numerical  estimate  of  the  energy  of  light.  It  is  a 
Avell-known  proposition  that  the  velocity  of  wave  propagation,  in 
elastic  media,  varies  direc^tly  as  the  square  root  of  the  elasticity  and 
inversely  as  the  square  root  of  the  density.  He  accordingly  stated,  in 
his  ''Familiar  Lectures  on  Scientific  Subjects"  (pj).  281-3),  that  the 
elastic  force  of  the  air,  in  its  resistance  to  compression,  would  require 
to  be  increased  "  in  proportion  to  the  inertia  of  its  molecules  "  more 
than  1,000,000,000,000-fold,  to  admit  of  the  propagation  of  a  wave 
with  the  velocity  of  light,  and  that  this  enormous  physical  force  is 
perpetually  exerted  at  every  point  through  all  the  immensity  of  space. 
He  also  said  (p.  218):  "It  must  be  remembered  that  it  is  Light, 
and  the  free  Gommunieation  of  it  from  the  remotest  region  of  the  uni- 
verse,  which  alone  can  give  and  does  give  us  the  assurance  of  a  uniform 
and  all-pervading  energy." 

In  the  eloquent  extract  which  is  quoted  by  Tyndall  (op.  cit.,  4th 
ed.,  section  707),  Herschel  had  previously  stated  that  "  the  sun's  rays 
are  the  ultimate  source  of  almost  every  motion  which  takes  place  on 
the  surface  of  the  earth."  Tyndall,  with  equal  eloquence  [Ibid.,  sec- 
tion 724),  describes  the  flux  of  power  which  "  rolls  in  music  through 
the  ages,"  and  shows  that  all  "  the  integrated  energies  of  our  world 
are  generated  by  a  portion  of  the  sun's  energy  which 
does  not  amount  to  2300  oV"o "otttt  *^*^  ^^'^  whole." 

These  extracts  seem  to  furnish  a  sufficient  reason  for  looking  upon 
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solar  radiation  as  the  l)a.sis  of  all  torrcstiial  jiliysics,  ami  ii|miii  radio- 
dynamics,  or  tlic  science  which  r(;('crs  all  |)hysical  activity  to  centres  ot" 
enerjfv,  hs  the  universal  physical  science,  (iravitation,  cohesion  and 
chemical  affinity  are  directly  concerned  only  with  centripetal  phases  of 
force;  inertia,  in  orbital  and  ex[)losive  motions,  introduces  a  kind  of 
ccntrif'ujj^al  action  ;  heat,  j)ro|»erly  sjH'akint;,  seems  to  he  wholly  ccn- 
tfifiiual,  lor  the  a|)|)roach  ot"  particles  when  heat  is  radiatc<l  can  hardly 
lie  atti-ihiitcd  to  tli(  riiio-d\  naiiilr  action  ;  clcclricitv  and  magnetism,  as 
positive  and  negative,  boreal  and  au>tral,  are  Ixtth  centri|>etal  and  cen- 
tril'iigal  ;  light,  according  t(»  the  iindidatory  hypothesis,  also  represents 
both  phases  of"  activity,  in  the  alternate  c<»ntractions  and  expansions  of 
wave  propagation,  as  well  as  in  the  pliciiMincna  of  radiation,  refraction, 
reflection  and  coloration. 

Klectricity  and  light  have  been  connected,  and  to  some  extent 
identified,  by  means  of  investigations  which  were  begnn  bv  W'ebcr 
and  Ivohlranscli,  in  ( Jcnnanv,  and  continued  by  Thomson,  Maxwell, 
Ayrton  and  I'erry,  in  lOiiglaiid.  As  a  result  of  those  investigations, 
it  has  been  found  that  electro-magnetism  is  related  to  electro-statics, 
somewhat  as  momentiun  to  mass,  the  electro-magnetic  unit  being 
('(piivalent  to  the  electnt-static  unit  midtiplied  bv  the  velocitv  of 
light. 

iMaxwell.  accordingly,  n-garded  light  as  an  electro-magnetic  j»he- 
nomcnon.  Jt  seems  to  mv  more  logical  to  regard  electro-magnetism 
as  a  luminous  or  radial  phenomi'uon,  for  the  following  reasons: 

1.  Because  the  velocitv  ot"  light  is  onlv  one  factor  of  elei-tro-mag- 
netism,  but  it  is  the  important  factor  which  constitutes  it  a  force. 

2.  Jk'cause  wc  have  no  evidence  of  electro-magnetic  action  in  s])acc, 
while  wc  have  much  evidence  of  the  action  of  light. 

I  3.  Because  the  eminent  |>ractical  ol)servers,  who  have  studied  the 
|)henomena  of  terrestrial  magnetism  most  carefully,  have  concludetl 
that  there  is  no  specific  magnetism  in  the  sun  and  moon  to  infhu'uce- 
the  terrestrial  iiiagiu-tism  through  induction. 

4.  J>ecause  the  mass-l"actor,  which  constitutes  an  important  though 
subordinate  element  in  all  thermal,  chemical,  electric:il  aiul  magnetic 
phenoineiui,  is  mainly,  at  least  so  far  jts  it  a})pears  m«»st  obviously  in 
those  phenomena,  a  terrestrial  factor. 

5.  Because  it  is  better  to  designati*  the  <olar  radiations  by  a  name 
which  will  be  imiversally  recogni/ed  as  appi<»priate.  than  by  a  name 
which  has  been  generally  applied  oidy  to  h»cal  phenomena. 
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A  still  stronger  and  jierhaps  conclusive  reason  for  regarding  photo- 
dynamics  as  a  special  and  principal  de})artnient  of  radio-dynamics,  is 
the  fact  that  the  velocity  of  light,  as  I  propose  to  show  you,  is  an 
important  factor  of  gravitating,  as  well  as  of  electro- magnetic  action. 
In  studying  the  phenomena  of  gravitation,  there  is  no  nece.ssity  for 
introducing  any  other  elements  than  those  of  simple  vi8  viva,  mass 
and  the  square  of  the  velocity.  If  the  limit  of  efficient  velocity  can 
•be  shoAvn  to  he  the  velocity  of  light  in  both  departments,  the  law  of 
parsimony  would  exclude  the  electro-static  unit,  unless  it  can  be  shown 
that  it  is  a  necessary  element  of  mass.  This  has  never  yet  been  done. 
If  the  necessity  should  be  demonstrated  hereafter,  it  is  more 
likely  that  it  Avill  be  found  to  depend  upon  some  modification  of  the 
fundamental  velocity  of  light  than  upon  any  independent  activity 
which  can  be  regarded  as  purely  electrical. 

The  chief  postulate  of  photo-dynamics  may  be  stated  as  follows  : 
All  physical  plienomena  are  due  to  an  Omnipresent  Power,  acting  in 
loays  which  may  be  represented  by  harmonic  or  cyclical  undulations  in 
an  elastic  medium. 

The  Omnipresent  Power  is  scientificall}^  required  Ijy  the  law  of  har- 
mony ;  the  harmonic  or  cyclical  undulations,  by  the  law  of  perma- 
nence or  stability  ;  the  representative  elastic  medium,  by  the  law  of 
equal  and  opposite  action  and  reaction.  All  questions  as  to  the  real- 
ity or  nature  of  the  supposed  medium  are  of  minor  importance. 
Although  mv  investig-ations  have  streno-thened  mv  own  belief  in  the 
reality  of  an  all-pervading  aether,  we  are  only  required  to  recognize 
the  existence  of  phenomena  which  involve  such  actions,  and  can  be 
explained  by  such  laws,  as  have  been  deduced  from  the  motions  of 
the  atmospliere  and  other  elastic  fluids. 

The  following  well-known  laws  have  an  important  bearing  u})on 
photo-dynamics : 

1.  Cyclical  activities  may  often  be  accurately  represented  by  formu- 
las which  introduce  mean  or  average  velocities  and  mean  vis  viva. 
This  is  the  foundation  of  Maxwell's  theory  of  the  equality  of  mean 
vis  viva  in  the  molecular  movements  of  different  gases  at  equal  tem- 
peratures, and  of  Pfaundler's  discovery  that  in  estimating  the  heat  of 
dissociation,  the  mean  should  be  taken  between  the  temperatures  of 
incipient  and  of  complete  dissociation.. 

2.  The  projectile  force,  which  produces  flight  or  cyclical  motion 
against  any  central  acceleration   or  retardation,  is   equivalent   to   the 
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iiit'Jin   a<relc'niti(»ii     or    retardation  iiiiilii|)Ii<(l  liv  (iiic-lialt'  the  time  ot" 
flif^ht  or  cvclical  motion. 

;i.  The  velocitie.-?  of  wave  iiioti(m  in  ela>ti<-  Hiiids,  and  (»f'  co.sniical 
and  fiKtlcetdar  orltital  motion,  can  all  Im,-  ('.vpres-sed  by  a  common  for- 
mula. 

4.  Every  periodic  vibratinj;  or  orl»ital  motion  can  Im'  rejrarde<l  a.^ 
the  sum  of  a  certain  numltcr  of  pendulum  vibrations. 

5.  Mean  r/.s  rira  may  be  represent**!  by  the  r!s  rir<i  of  centres  of 
oscillati<tn. 

6.  The  <listance  of  the  centre  of  (ocillation  from  the  centre  of 
relative  stal)ility  is  at  two-thirds  of  the  lentrth  of  a  linear  jiendulum, 
or  at  tiie  square  njot  of  four-tenths  of  nidius  in  a  rotatin*;  sphere. 

7.  The  acceleration  o(  any  forc*e,  which  is  uniformly  tlitfuse<l  from 
or  towards  a  jj^iven  centre,  varies  inversely  as  the  s(|uare  of  the  dis- 
tance from  the  centre. 

S.  Times  of  revolution,  under  the  action  of  -ucji  forces,  varv  as  the 
three  halves  jxtwer  of  the  di-tanci- ;  di.-tance>  \arv  as  the  two-thii-d- 
power  of  the  time. 

9.  Centres  of  inertia,  or  node-,  in  a  vibratinj;  elastic  medium,  tend 
to  produce  harmonic  nodes, 

10.  The  force  of  planetary  projection  .-h<iuld  be  referred  to  jurihe- 
lion  ;  the  force  of  incipient  subsi^lence,  to  aphelion. 

11.  The  mutual  inter-actions  of  cosniicjd,  molecidar  or  atomic 
bodies  are  proportioned  to  the  respective  masses ;  actions  which  are 
considered  with  reference  to  a  single  active  centre  vary  directh  as  the 
mass  and  inversely  as  tin-  s(piare  of  the  <listance. 

12.  In  elastic  atmosj)heres  the  densities  tlecrease  in  ireometrical  pro- 
gression, as  the  height  above  the  surface  i ncre;us«.>si  in  arithmeti<al  pro- 
gression. 

13.  Living  force,  or  vix  r/r«,  is  proporti(»nal  to  the  pHnluct  of  mass 
by  the  square  of  the  velocity. 

14.  The  distance  of  projection  against  uniform  resistance  is  propor- 
tioned to  the  living  force. 

15.  in  synchronous  orbits,  the  mean  velocity  of  rectliuear  oxillation 
is  to  the  vehx'ity  of  circidai-  orbital  o..eillMtion  :i->  twiei-  tin-  diameter  is 
to  the  circumference. 

IG.  In  a  condensing  nt;bula,  the  vekK-ity  of  circular  orbital  revolu- 
tion is  aeipiireil  by  subsidenc-e,  from  a  state  of  rest,  througii  one-half 
of  radius. 


€2  Chase — Radio-Dynamics.  [Jour.  Frank.  Inst , 

The  following  additional  propositions  may  be  readily  deduced  from 
the  foregoing. 

17.  The  acceleration  or  retardation  of  a  centripetal  force  varies  as 
the  fonrth  power  of  the  velocity  of  orbital  revolution. 

18.  In  cyclical  motions,  the  resultant  of  all  internal  forces  must  be 
in  equilibrium  with  the  resultant  of  all  external  forces,  at  the  expira- 
tion of  each  half  cycle. 

19.  The  modulus  of  cyclical  motion  is  equal  to  the  product  of  accel- 
eration by  the  square  of  the  time  of  a  half  cycle. 

20.  The  sum  of  all  external  forces  may,  therefore,  be  represented 
(2)  by  a  velocity  which  is  equivalent  to  the  mean  or  resultant  internal 
force  acting  for  one-half  of  the  cyclical  time. 

21.  At  the  extremity  of  a  linear  pendulum,  the  influence  of  a  cent- 
ral force  on  the  centre  of  oscillation  is  nine  times  as  great  as  on  the 
centre  of  suspension. 

22.  The  limiting  vis  viva  of  wave  propagation  is  five-ninths  of  the 
mean  vis  viva  of  the  oscillating  particles. 

23.  In  condensing  nebulae,  rupturing  forces  whicli  are  due  to  cen- 
tral subsidence  may  be  represented  by  fractions  in  which  the  denomi- 
nator is  one  greater  than  the  numerator. 

24.  In  synchronous  rotation  and  revolution,  the  nucleal  radius 
varies  as  the  three-fourths  power  of  the  limiting  atmospheric  radius. 

25.  The  variation  in  mean  vis  viva  of  gaseous  volume  is  to  the  vari- 
ation in  vis  viva  of  uniform  velocity  as  1  is  to  1*4232. 

26.  The  mean  thermal  and  mechanical  influences  of  the  sun  must 
be  in  equilibrium. 

27.  The  collisions  of  particles,  in  subsiding  towards  a  centre  of 
force,  tend  to  form  belts  at  the  centre  of  linear  oscillation. 

28.  The  limiting  velocity  between  tendencies  to  aggregation  and 
tendencies  to  dissociation  is  to  the  velocity  in  a  circular  orbit  as  the 
ratio  of  the  circumference  of  a  circle  to  its  diameter  is  to  the  square 
root  of  two. 

29.  In  explosive,  as  well  as  in  cyclical  motions,  equilibrium  must 
be  established  between  internal  and  external  forces. 

30.  Apsidal  and  mean  planetary  positions  must  also  be  controlled 
by  like  tendencies  to  equilibrium. 

31.  Undulations  in  an  elastic  medium  ipaintain  the  primitive  velo- 
city which  is  due  to  their  place  of  origination. 
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o2.  Wlicn  two  or  iiiore  cvclical  motions  are  «-oinl)iii<-<l.  tli»'y  must 
all  1)0  mo(lifi(.'<l  by  the  tondeney  to  eoiiservation  of  area.-. 

.■>3.  In  exj)aiulint^  or  condensinfr  nebula',  tlie  conservaliou  <>t'  areas 
maintains  a  constant  value  tor  the  motlulus  of  rotation. 

o4.  Instantiineou.s  action  between  difl'erent  nia.s.«es  or  j)arti<-les  by 
mere  material  intervention  is  impossible. 

.'JO.  In  synchronous  nK>ti(»ns  about  ditterent  centres,  the  mean  <lis- 
tances  from  the  centres  of  motion  vary  as  the  cid)e  ror»t  of  the  masses 
or  other  controlling  forces. 

."30.  Constant  velocities,  in  a  homogeneous  elastif  nn'dium,  represent 
constant  living  forces. 

In  applving  these  general  |>rinciples,  we  must  expect  to  meet  with 
]>erturbations,  arising  from  the  adjustment  of  oj>posing  tendencies. 
If  the  ])roblem  of  three  bodies  is  so  difficult,  in  astrcMxtmy.  as  to  defy 
all  efforts  at  satisfactory  solution,  the  attempt  to  grap|>le  with  all  the 
intricacies  of  elastic  interaction  may  also  dety  the  onlinary  metho<ls 
of  mathematical  analysis.  And  yet,  by  j>aying  proper  regard  to  mean 
values,  it  is  possible,  through  vt-ry  brief  an<l  simple  j)r<M'cs-.cs,  to  gi-t 
i]»proximate  detci'minatioiH  of  iiiij»ortant  astronomiral  and  jdiy-^iral 
constants,  in  which  the  error  is  less  than  in  theOrdinary  api)roxima- 
tions  which  recpiire  long,  tedious  and  intricate  calculations. 

Lockyer's  late  s|)ectroscopic  researciii's  have  awaUenetl  a  new  interest 
in  the  old  theory,  that  all  chemical  elements  are  merely  different  forms 
of  condensed  aether,  and  that  the  a'tlier  itself  is  only  a  universal  atmos- 
phere. Taking  this  theory  as  a  provisi(»nal  hypothesis,  there  can  be 
little  (picstion  that  hydrogen  is  the  element  which  resembles  the  sether 
most  closely,  and  which  may,  therefore,  be  regardetl  either  as  the  flivt 
step  in  elementary  condensation,  or  as  the  transmitter  of  primordial 
undulation.  It  is  the  lightest  of  all  known  substances  ;  it  i>  hyper- 
elastic,  being  the  only  g:is  in  which  the  elasticity  increases  faster  than 
the  condensation  ;  it  is  <dways  present  in  stilar  explosions,  if  the  evi- 
dence of  the  spectroscope  is  trustworthy  ;  the  height  to  whi<-h  it  i> 
thrown,  and  the  rapitlity  of  its  diffusion,  in  these  explosions,  indicate 
n  I'orce  and  vel«K'itv  which  can  be  best  ex|>laiiK^l  by  j»hot<»-<lynamic 
influence;  there  are  many  reasons  for  believing  that  it  is  tlu' «»nter 
envelope  of  the  sun  ;  and  it  j>resents  many  features  of  jH^adiar  interest 
in  connection  with  L<K'kyer's  basic  lines,  which  furnish  simple  har- 
monic indications  of  great  significance. 

In   order  to  illustrate  some  of  the  properties  of  hydrogen  1  have 
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prepared  a  pipe  and  some  some  soap  suds,  for  blowing  bubbles,  and 
by  making  a  connection  with  the  receivers  I  am  able  to  inflate  the 
bubbles  with  a  mixture  of  oxygen  and  hydrogen. 

You  see  with  what  rapidity  the  little  balloons  mount  to  the  ceiling. 
I  touch  them  wuth  a  candle  and  you  are  startled  by  their  explosion. 
Doubtless  most  of  you  have  seen  the  experiment  before,  and  have  learned 
that  when  the  gaseous  particles  rush  together,  after  the  explosion,  they 
are  joined  chemically  so  as  to  form  water;  but  T  think  none  of  you  have 
ever  dreamed  of  any  possible  bond  of  union  between  the  explosion 
and  satellite  revolution,  or  of  weighing  the  bubbles  in  a  scale  with  the 
sun.  That  there  is  such  a  bond,  and  that  the  sun  can  be  thus  weighed, 
I  will  try  to  show  you. 

Tyndall  has  told  us  {op.  cit.,  section  181)  that  the  force  of  explo- 
sion, in  one  pound  of  hydrogen  uniting  with  eight  pounds  of  oxygen, 
is  "ecpiivalent  in  energy  to  the  descent  of  a  ton  weight  down  a  precii)ice 
22,320  feet  high  " ;  it  would,  therefore,  be  sufficient  to  lift  a  ton  to 
the  top  of  such  a  precipice.  If  it  were  all  concentrated  upon  the 
hvdroo-en  alone,  that  i>;as  would  be  driven  entirelv  bevond  the  reach  of 
the  earth's  attraction ;  but  it  carries  with  it  the  eight  pounds  of  oxy- 
gen, and,  notwithstanding  this  ninefold  burden,  if  there  were  no  resist- 
ance from  the  air,  the  waterv  vapor  would  be  lifted  more  than  two 
thousand  miles  before  it  would  begin  to  fall  to  the  earth  again.  The 
velocity  with  which  it  starts  is  more  than  five  miles  per  second,  or 
nearly  one  per  cent,  more  than  the  velocity  with  which  a  satellite 
would  revolve  at  the  surface  of  the  earth. 

You  have  already  learned  that  circular  orbital  velocity  is  acquired 
(16)  by  falling  through  half  the  distance  to  the  centre ;  therefore  the 
combining  energy  of  water  is  more  "than  sufficient,  if  it  were  not  for 
the  resistances  of  the  air  and  of  friction,  to  keep  it  in  perpetual  revo- 
lution. Those  resistances  do  not  destroy  the  motion;  they  merely 
change  it  into  heat,  electricity,  magnetism,  chemical  affinity,  molecular 
vibration,  or  some  other  form  of  cyclical  oscillation. 

Do  you  think  that  these  harmonies  are  merely  accidentjil,  or  that 
they  can  be  so  regarded  with  any  reasonable  probability  ?  In  order 
to  remove  any  possible  doubts  upon  the  question,  I  will  ask  you  to 
follow  me  still  further. 

According  to  the  kinetic  theory  of  gases,  the  particles  are  in  per- 
petual motion,  and  the  gaseous  elasticity  is  owing  to  the  force  of 
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repeated  oollisicjns.  You  may  accept  or  reject  the  theory  as  you  please^ 
but  all  the  known  j)roi)erties  of"  elastic  fluids  are  sucii  as  they  would 
he  if  the  theory  were  true.  It  may,  therefore,  be  safely  assiuned  as  a 
guide  to  new  investigations.  In  subsidence  from  the  satellite  orbit  of 
watery  vapor,  when  the  orbit  velocity  is  increased  twofold,  the  gravi- 
tating acceleration  (17)  is  increased  sixteenfold.  N(tw,  if  we  multi- 
ply this  increased  acceleration  by  the  molecular  velocity  of  hydrogen, 
the  j)roduct  is  the  same  as  if  we  multij)ly  the  original  acceleration  by 
the  orbital  velocity  of  the  earth,  so  that  the  explosion  of  our  soa[> 
bubl)les  furnishes  us  with  all  the  data  which  are  needed  for  weiy-hiny; 
the  sun  and  measuring  its  distance. 

In  Older  to  make  our  approximatit)ns  as  close  as  possible,  it  is  desir- 
able to  check,  or  confirm  them,  by  finding  some  other  harmony  of  a 
similar  character.  We  look  naturally,  in  the  fii'st  place,  to  hydrogen's 
companion  in  its  plunge  down  the  luightv  |ti\'cipice,  and  we  \\\n\  that 
oxygen  stands  in  a  still  closer  relation  to  earth's  velocity  <»f  rotation 
than  that  in  which  hydrogen  stands  to  earth's  orbital  velocity,  ii'  we 
divide  earth's  ecpiatorial  circiuiifereiice  by  the  number  of  seconds  in  a 
sidereal  day,  we  find  that  its  rotating  velocity  is  lo25"7  feet  per  second, 
which  is  precisely  the  velocity  of  oxygen,  according  to  the  experiments 
of  Clausius,  at  the  temperature  of  4'8°C.  This  is  within  the  limits 
of  possible  uncertainty  of  the  temperature  of  water  at  its  greatest 
density,  the  commonly  accepted  temperature  being  4°C. 

This  harmony  may  bo  extended  so  as  to  include  all  ga-es  through 
Maxwell's  law  of  ecpiality  of  gaseous  r/.s  viva. 

Substituting  atomic  weight  for  gravitating  acceleration,  and  remem- 
bering that  orbital  vis  viva,  in  equal  voliunes,  is  proportioned  to  the 
gravitating  acceleration,  the  mean  velocity  of  hydrogen  at  4"8°C.  can 
be  readily  deduced  from  the  mean  velocity,  at  the  same  temperature,, 
of  any  other  gas  of  known  atomic  weight.  If  we  adopt  Ilegnault's 
value  for  the  atomic  weight  (^>f  oxygen,  I5"9(3,  the  mean  distance  of' 
the  sun  is  92,769,000  miles;  its  mass  331,595;  and  the  velocity  of 
light  is  186,400  miles  per  second.  These  results,  though  so  simply 
deduced,  are  fully  as  trustworthy  as  any  that  astronomers  have  yet 
reached,  after  thousands  of  years  of  patient  observation  and  tedious 
calculati(tn. 
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MODIFICATION  of  WHEATSTOXE'S  MICROPHONE  and 
ITS  APPLICABILITY  to  RADIOPHONIC  RESEARCHES. 


By  Alexander  Graham  Bell. 

A  paper  read  before  tlie  Philo.sophical  Society  of  Wafihington,  D.C.,  June,  11,  1S81. 


In  August,  1880,  I  directed  attention  to  the  fact  that  thin  disks  or 
dia})hragnis  of  various  materials  become  sonorous  when  exposed  to  the 
action  of  an  intermittent  beam  of  sunlight,  and  I  stated  my  belief  that 
the  sounds  were  due  to  molecular  disturbances  produced  in  the  sub- 
stance composing  the  diaphragm.*  Shortly  afterwards  Lord  Raleigh 
undertook  a  mathematical  investigation  of  the  subject,  and  came  to  the 
conclusion  that  the  audible  effects  were  caused  by  the  bending  of  the 
})lates  under  unequal  heating. f  This  explanation  has  recently  been 
called  in  question  by  Mr.  Preece,|  who  has  expressed  the  opinion  that 
although  vibrations  may  be  produced  in  the  disks  by  the  action  of  the 
intermittent  beam,  such  vibrations  are  not  the  cause  of  the  sonorous 
effects  observed.  According  to  him,  the  serial  disturbances  that  pro- 
duce the  sound  arise  spontaneously  in  the  air  itself  by  sudden  expan- 
sion due  to  heat  communicated  from  the  diaphragm — every  increase 
of  heat  giving  ri.se  to  a  fresh  pulse  of  air.  Mr.  Preece  was  led  to  dis- 
card tlie  theoretical  explanation  of  Lord  Raleigh  on  account  of 
the  failure  of  experiments  undertaken  to  test  the  theory.  He  was 
thus  forced — by  the  suppo.sed  insufficiency  of  the  explanation 
— to  seek  in  some  other  direction  the  cause  of  the  phenomenon 
observed,  and  as  a  conse(jucnce  he  adopted  the  ingeniou.s  hypothesis 
alluded  to  al)ove.  But  the  experiments  which  had  proved  unsuccessful 
in  the  hands  of  Mr.  Preece  were  perfectly  successful  when  repeated  in 
America  under  better  conditions  of  exj^eriment,  and  the  supposed 
necessity  for  another  hypothesis  at  once  vanished.  I  have  shown  in  a 
recent  paper  read  before  the  National  Academy  of  Science,  ||  that  audi- 
ble sounds  result  from  the  expansion  and  contraction  of  the  material 
exposed  to  the  beam;  and  that  a  real  to  and  fro  vibration  of  the  dia- 


*  Amer.  Asso.  for  Advancement  of  Science,  Aug.  27,  1880. 
f  Nature,  vol.  xxiii,  p.  274. 
i  Koy.  Soc.,  Mar.  10,  1881. 
II  April  21,  1S81. 


July,  1881. J 


Jhll —  WlifdlMonen  Mirrop/ioitr. 


07 


])lira{;^m  ufciirs,  capal)!*' of  priHliiciii;^  sonuroiH  etVectj!.  It  luis  ocHnirred 
to  me  that  Mr.  Preecie'.s  iUiliin;  to  ditcct  with  u  tlelic^ite  iiiicrophone 
tho  .soTif)roti.s  vil)rati()ii.s  that  wore  >o  easily  observed  in  our  experiiiK.'HtH 
iiii^ht  he  ex))]aiiie<|  upon  tlie  snp]>o.sition  that  lie  had  eni|)loyed  the 
ordinary  form  of  IIu<;he.s'  microphone,  shown  in  Fig.  1,  and  that  the 
vihrating  area  wjts  confined  to  the  central  portion  of  the  di.*>k.  Under 
hiich  eircnmstanees  it  miirht  easily  happen  that  hoth  the  supports  (yl  B) 
of  the  micro|)hone  mi;:ht  touch  portions  ot"  the  diaj)hra;^tii  which  were 
practically  at  rest.  It  woiiM  of  course  l»c  interesting^  to  a.s<,>ertain 
■whi'ther  any  such  localization  of  the  vihration  as  that  supposed  really 
occurred,  and  I  have  ;_'-r<'al  plca-^urc  in  showinj;  to  you  to-nij^ht  the 
apparatus  hy   means  of  which   this  j»oiut   ha-   hem    investijfat<Hj  (Hee 

Fiv:.  2).      ■ 


The  instrtnnont  is  a  nxxlificatiou  of  the  furm  ot"  microphone  devLstnl 
in  1827,  hy  the  late  Sir  Charles  Wheatsttme,  and  it  consists  essontiallv 
of  a  stitt' wire  (,1),  one  end  of  win'ch  is  rigidly  attncheil  to  the  centre 
of  a  metallic  diaph'-agm  (/>).  in  Wluatstone's  (triginal  arnin<;ement 
the  dia|)hrai!:m  was  pla«'e<l  directly  against  the  ear,  and  the  {"xxt' 
extremity  of  the  wire  was  rested  against  some  sounding  IhhIv — like  a 
watch.  In  the  present  arrangement  the  diaphragm  is  chnnptxl  at  the 
.circumference  like  a  telej)hone-diaphnigm,  and  the  sounds  are  etm- 
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veyed  to  the  ear  through  a  rubber  hearing  tube  (C).  The  wire  passes 
through  the  perforated  handle  (/)),  and  is  exposed  only  at  the  extrem- 
ity. When  the  wire  {A)  was  rested  against  the  centre  of  a  diaphragm 
upon  wliich  was  focussed  an  intermittent  beam  of  sunlight  a  clear 
nmsical  tone  was  perceived  by  applying  the  ear  to  the  hearing  tube  (C). 
The  surface  of  the  diai)hragm  was  then  explored  with  the  point  of  the 
microphone,  and  sounds  were  obtained  in  all  parts  of  the  illuminated 
area  and  in  the  corresponding  area  on  the  other  side  of  the  diaphragm. 
Outside  of  this  area  on  both  sides  of  the  diaphragm  the  sounds  became 
weaker  and  weaker  until  at  a  certain  distance  from  the  centre  they 
could  no  longer  be  perceived. 

At  the  points  where  one  would  naturally  place  the  supports  of  a 
Hughes  microphone  (see  Fig.  1),  no  sound  was  observed.  We  were 
also  unable  to  detect  any  audible  effects  when  the  point  of  the  micro- 
phone was  rested  against  the  support  to  which  the  diaphragm  was 
attached.  The  negative  results  obtained  in  Europe  by  Mr.  Preece  may 
therefore  be  reconciled  with  the  positive  results  obtained  in  America 
by  Mr.  Tainter  and  myself.  A  still  more  curious  demonstration  of 
localization  of  vibration  occurred  in  the  case  of  a  large  metallic  mass. 
An  intermittent  beam  of  sunlight  was  focussed  UDon  a  brass  weight 
(1  kilogram),  and  the  surface  of  the  weight  was  then  exjjlored  with 
the  microphone  shown  in  Fig.  2.  A  feeble  but  distinct  sound  was 
heard  upon  touching  the  surface  within  the  illuminated  area  and  for  a 
short  distance  outside,  but  not  in  other  parts. 

In  this  experiment  as  in  the  case  of  the  thin  diaphragm  absolute 
contact  between  the  point  of  the  microphone  and  the  surface  explored 
was  necessary,  in  order  to  obtain  audible  effects.  Xow  I  do  not  mean 
to  deny  that  sound  waves  may  be  originated  in  the  manner  suggested 
by  Mr.  Preece,  but  I  think  that  our  experiments  have  demonstrated 
that  the  kind  of  action  described  by  Lord  Raleigh  actually  occurs,  and 
that  it  is  sufficient  to  account  for  the  audible  efi^ects  observed. 


STORED-UP    ELECTRICITY:     FAURE'S    SECONDARY 

BATTERY. 


A  few  weeks  since  the  scientific  world  in  Paris  was  deeply  inter- 
ested by  a  paper  read  before  the  Society  d'Encouragement  de  ITndus- 
trie  Nationale  by  M.  Reynier,   upon  a  new  form  of  battery  invented 
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liy  M.  Cainille  Fami',  who,  lollowiii;;  in  tlic  stoj).s  of  M.  (iastoii 
Plants,  had  siicooodcd — accoi'<liii<x  to  M.  Iti-yiiit-r  in  devising;  a  l)at- 
tory  in  which  forty  times  as  niurh  electric  ener^^y  may  be  .stored  tip  a.s 
could  be  done  l>y  the  l*hiiit»'  pile,  the  result  bein*;  tliat  a  larj^e  amount 
of  force  ea.sily  convertible  into  mechanical  work,  or  adaptable  for  elec- 
tric lightinjj;;,  could  I)e  stored  u|i  in  -mall  and  easily  portable  <;ells,  could 
be  transported  from  place  ((»  place,  delivered  I'rom  house  to  house,  and 
that  the  j^reat  problem  ot"  a  domestic  <dectric  lii;htin^  ;ind  powei"  supply 
was  thus  solv<'(|. 

M.  Faun.-'s  secondary  battery  is  an  a])plication  of  a  new  dise<)verv 
to  the  very  beautiful  and  well-known  secontlary  pile  of  M.  (jaston 
Plante,  which  our  readers  will  remember  con.sisLs  of  two  plate.s  of  sjieet 
lead  .separated  from  one  another  and  immersed  in  a  ^la.ss  jar  of  diluted 
sulphuric  acid  ;  if  the.se  two  plates  are  connected  for  a  time  with  the 
terminals  of  a  source  of  electricity  such  a  dynamo-electric  machine  or 
a  voltaic  battery,  oxidation  :ind  deoxid.ition  take  place  on  the  two 
])lates  respectively,  and  after  the  excitin*;  battery  Ikls  been  remove<l, 
the  lead  cell  continues  to  ^ive  oil'  a  ]tolaii/.atiou  current  of  electricity 
a.s  lon<;  as  the  deoxidation  and  oxidation  of  the  lead  plates  continue  bv 
their  returninu;  to  their  normal  condition.  It  was  from  the  first 
ob.served  that  secondary  pilesof  this  «'onstruci  ion  produced  betttT  results 
after  havin«x  been  changed  and  discharned  a  <2;reat  many  times,  a  fact 
due  no  doubt  j)artlv  to  the  increase  of  -.iirfacc  produced  l»\-  the  rout:h- 
enin*''  of  the  lead  |)lates  under  the  (h.'com  posit  ion,  but  chietiv  to  the 
iormation  ol"  lead  peroxide  in  incre:i>in<^  (|uantities,  which  was  alter- 
nately (li'p<i>ile(l  ami  decomposed  as  the  cell  was  char;i,-ed  l)V  the  b.it- 
tery  and  discharii;ed  by  the  polarization  current. 

M.  I'^aure  (whosi-  name  is  well  known  in  the  scieniitic  world  as  the 
inventor  of  the  battery  which  bear-  hi>  nann*,  and  in  which  the  carbon 
element  in  a  l>uuscn's  cell  is  made  in  the  I'orm -of  a  bottle  which  eon- 
tains  the  nitric  acid)  has  recently  iutroduceil  an  important  im|)rovcment 
to  the  IMante  cell,  bv  which  its  capacity  is  larndy  increased,  so  that  an 
appaiatus  constructed  upon  his  principle  ir>  capable  of  prodiicin;^  a  nuK-li 
ercater  cmreut  than  that  ti;iven  oil' by  a  secondary  battery  of  the  old  t-on- 
struction  and  ot'  the  sanjc  size.  As  the  <'a|>acity  ot"  a  secondary  battery, 
other  thin<:;s  bein<;:  equal,  is  due  to  the  thickness  ot"  the  layer  of  IcatI  per- 
oxide formed  upon  t»neof  the  lead  plates,  M.  Faiire  ('onceived  the  idea 
of  coating  each  of  the  j)lates  with  a  thickncs,s  of  red  lea<i  maintaint>d 
in  its  place  by  a  sheet  of  <"elt  attac^hed   to  the  plate  by  means  of  lea«l 
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rivets.  Both  plates  having  been  similarly  treated  they  are  rolled  to- 
gether into  a  spiral,  the  felt  performing  the  two-fold  duty  of  separa- 
ting the  plates  and  holding  on  the  coating  of  read  lead.  This  couple 
is  then  immersed  in  acid  contained  in  a  cylindrical  cell  of  lead  and 
connected  by  its  electrode  to  the  poles  of  a  dynamo-electric  machine  or 
voltaic  battery,  and  after  having  been  charged  and  discharged  two  or 
three  times,  the  red  lead  coatings  of  the  plates  are  found  to  have  un- 
dergone a  change,  the  one  having  been  entirely  transformed  into  per- 
oxide of  lead,  while  the  other  has  been  reduced  to  the  metallic  state, 
and  as  this  residt  must  be  due  to  the  oxidation  of  the  red  lead  on  the 
one  plate  and  the  deoxidation  of  that  on  the  other,  it  would  appear 
that  what  may  l)e  called  the  storage  (;a})acity  of  the  apparatus  depends 
upon  the  quantity  of  red  lead  carried  by  the  plates. 

There  can  lie  no  doubt  that  in  this  way  electricity  may  be  "  bottled 
up"  and  "stored"  to  an  almost  unlimited  extent,  and  in  this  bottled- 
up  condition  can  be  carried  in  reservoirs  to  a  distance,  there  to  be  util- 
ized until  it  is  exhausted,  just  as  a  reservoir  of  compressed  air,  or  a 
coiled  up  spring,  may  be  carried  for  any  number  of  miles,  and  can  be 
made  to  give  out  power  whenever  required  at  a  distant  station.  All 
this  is  true  enough  and  physically  feasible,  but  the  whole  commercial 
success  or  failure  of  such  a  scheme  must  depend,  as  all  commercial 
schemes  must  depend,  upon  its  practical  utility. 

If  electrical  energy  has  to  be  conveyed  from  one  place  to  another,  it 
is  a  matter  of  small  commercial  importance  in  the  abstract  whether  it 
is  conveyed  by  means  of  metallic  conductors  or  stored  up  in  reservoirs 
and  carried  by  road  or  rail ;  in  this  the  commercial  question  involved 
being  very  much  the  same  as  that  of  the  supplying  of  water  by  pipes 
or  by  water  carts.  There  can  be  no  doubt,  however,  about  which  sys- 
tem is,  save  in  exceptional  cases,  the  most  convenient,  and  unless  it  can 
be  shown  that  the  charging  and  transmission  of  storage  reservoirs  offers 
advantages  upon  economical  grounds,  or  very  substantial  conveniences 
of  application  over  the  system  of  transmission  by  conductors,  we  can- 
not see  that  its  commercial  application  upon  a  large  scale  can  be  as. 
remunerative  to  its  proprietors  as  its  promoters  would  wish  to  make 
the  public  believe. 

That  M.  Reynier  should  have  infused  an  undue  amount  of  enthusi- 
asm into  his  paper  read  before  tlie  Societe  d'Encouragement  was  na- 
tural, considering  that  he  was  describing  for  the  first  time  results  far 
in  advance  of  anything  of  the  same  nature  than  had  been  achieved 
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before,  and  it  was  [un-liaps  panlonalile  that  lie  should,  for  the  greater 
glory  of  the  Fan  re  battery  have  deprec-iated  the  (capacity  of  that  of 
Plante.  But  in  justice  to  the  latter  gentleman,  and  also  to  arrive  at  a 
just  ap])reciation  of  the  real  value  of  the  new  discovery,  careful  investi- 
gation and  comparison  between  the  two  have  t^>  be  instituted.  This 
has  been  j)artially  done  by  M.  R.  Hospitallier  since  M.  Reynier  read 
his  paper,  and  the  last  numi)er  of  our  excellent  conpemporary  IJ Elec- 
iricicn  the  results  obtained  are  referred  to,  and  the  details  of  the  expe- 
riments made  are  to  be  ])ublislu(l  in  a  succeeding  number  of  the  same 
periodical. 

Criticising  ]\I.  Reynicr's  papii-,  M.  llos])itallier  challenges  several 
stiitements  made  in  that  comimuiication.  M.  Reynier  maintained  that 
the  Faure  battery  would  give  out  80  |)er  cent,  of  the  total  power  used 
in  charging  it.  But  as  M.  Hospitallier  points  out,  under  the  best  con- 
ditions not  more  than  90  i)er  cent,  of  actual  work  can  be  transformed 
from  mechanical  into  electrical  enerjjv  bv  a  dvnamo-electric  machine. 
M.  Plante  clearly  demonstrated  that  his  secondary  battery  could  oidy 
give  out  88  or  80  per  cent,  of  the  power  charged  into  it,  and  as  the 
difference  between  it  and  the  Faure  batterv  is  one  of  dejjree  and 
not  of  principle,  it  is  not  probable  that  a  greater  percentage  than  this 
could  be  obtained  ;  possibly  it  would  be  less.  Finally,  a  loss  of  20 
per  cent,  at  least  must  be  allowal  for  In  converting  the  electrical 
power  in  the  battery  into  mechanical  force.  Making  allowances  for 
all  these  losses  it  follows  that  the  utmost  uset"ul  work  that  can  be  got 
from  the  battery  is  52.5  per  cent,  of  the  energy  employed  in  charging 
it,  while  at  the  i)resent  time  it  is  easy  with  the  ordinary  system  of. con- 
ductors to  obtain  GO  per  cent.  Passing  on  to  the  question  of  the  power 
which  can  be  stored  up  in  the  Faure  battery,  M.  Hospitallier  makes 
an  important  statement  in  reply  to  the  assertion  of  M.  Reynier,  that 
this  battery  can  st<n'e  up  forty  times  as  much  force  as  the  Plante  bat- 
tery. In  conjunction  with  ^[.  Frank  (n'rtddy,  M.  Hospitallier  has 
conducted  a  series  of  exiieriments  on  the  Plante  battery.  The  details 
of  these  experiments  will  be  published  shortly,  but  the  results  are 
given  as  follows  in  IJ Elcdrlcicn  :  "  Admitting  on  the  one  hand  as  ct)r- 
rect  the  figures  given  by  M.  Reynier,  that  is  to  say,  that  a  Faure  bat- 
tery, weighing  165  lbs.,  can  give  out  one  horse  power  during  one  hour, 
and  on  the  other  hand  our  experiments  on  the  Plante  batteries,  the 
storage  power  of  the  Faiu-e  batteries  varies  from  one  and  a  half  to 
three  times  the  power  of  the  Plante,  actx>rding  to  conditions  which  we 
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shall  shortly  publish.  This  result  is  very  far  from  the  forty-fold 
result  o;iven  by  M.  Rcynier,  who  obtaiued  it  no  doubt  from  imperfect 
or  badly-proportioned  Plante  batteries,  and  these  results  cannot  conse- 
quently be  accepted." — Engineering. 


E-eynier's  Constant  Battery. — M.  Reynier  has  made  a  modifi- 
cation of  Becquerel's  hydro-electric  battery,  which  is  comparable  to 
the  nitric  acid  couples  in  energy  without  having  their  inconveniences. 
The  zinc  is  plunged  into  a  solution  of  caustic  soda;  the  negative  elec- 
trode, which  is  of  copper,  is  depolarized  by  a  solution  of  sulphate  of 
copper,  separated  from  the  alkaline  liquid  by  a  permeable  cell.  The 
couple  thus  constituted  is  constant;  its  electro-motive  force  varies  from 
1'3  to  1*5  volts,  according,  to  the  concentration  of  the  liquids.  The 
moderate  conductibility  of  the  liquids  is  modified  by  the  addition  of 
salts  suitably  chosen,  and  the  resistance  of  the  porous  cell  is  reduced 
by  making  it  of  parchment  paper,  as  had  previously  been  done  by  F. 
Carre.  This  battery  can  be  regenerated  so  readily  that  the  inventor 
hopes  to  make  it  applicable  with  great  economy  to  small  electric  motors 
and  to  lighting  private  apartments. —  Compfes  Rendus.  C. 

Reversion  of  Photographic  Images  by  Prolonged  Illumi- 
nation.— Janssen  has  found  that  piiotographic  images  may  be  inverted 
and  pass  from  the  negative  to  the  positive  state  by  the  prolonged  action 
of  the  light,  which  produces  them.  At  Meudon  the  solar  images  are 
obtained  in  a  time  Avhich  varies,  according  to  the  state  of  the  atmo- 
sphere and  the  nature  of  the  phenomena,  which  are  to  be  studied ;  the 
time  is  rarely  greater  than  yq'tj-o^  of  a  second  when  they  wish  to  obtain 
the  photospheric  granulations.  When  the  photograjihic  plates  are 
])repared  with  gelatino-bromide  of  silver  the  time  may  be  reduced  to 
less  than  .,  ^  /^  ^  ^  of  a  second.  If  one  of  these  dry  })lates  receives  the 
light  for  half  a  second  or  a  second,  the. development  brings  out  a  posi- 
tive image,  with  a  white  disc  and  black  spots,  as  the  sun  appears 
through  a  telescope.  This  positive  image  may  be  as  well  defined  as 
the  negative  image,  which  it  has  replaced.  There  is  an  intermediate 
time  between  those  which  give  the  opposite  images,  for  whici)  time  the 
image  is  neither  positive  nor  negative,  but  the  plate  presents  a  tint 
sensibly  uniform.  Similar  inversions  may  be  produced  in  views  of 
landscapes  by  giving  a  sufficiently  long  exposure.  —  Compt.  Rend.      C. 
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Thermo -Dynamics  of  Liquid  Surfaces. — \'an  der  M.ns- 
hruj^j^lie  is  still  foiitiiiuiiii;  liis  study  of  tin-  a]»j)licati<>n  of"  iIk."  >-cc(>i)(1 
law  of  thenno-dynainics  to  tlu:  viiriiitions  of  potoiitial  oiit'r«;y  in  licjiiid 
surfaces,  lie  is  giviii}^  special  stiuly,  i)y  means  of  some  of  the  most 
salient  facts,  to  the  great  cycle  of  change  which  (Mnhraces  the  eva])ora- 
tion  of  the  suj)erfi(;ial  layers  of  ocean  waters,  the  elevation  of  vapors 
into  the  atmosphere,  their  condensation  into  mists  and  clouds,  their 
fall  in  rain  or  snow,  the  consccpient  production  of  glaciei*s,  torrents 
and  rivers,  the  (linndation  of  water  courses,  and  their  nrturn  to  the 
bosom  of  the  ocean.  He  hopes  to  attract  tiie  attention  of  meteorolo- 
gists to  his  investigations  in  order  to  induce  new  and  extensive  resear- 
ches in  the  direction  of  his  incpiiries.  —  />'«//.  dr  V Ao<uL  I></t/.        ( '. 

Intermittent   Luminous    Signals.     lu   the  ordinary   use  of 

lamps  loi-  light-house  signals  the  intcrmittences  arc  j)roduced  by  a 
<liaphragm  which  moves  before  the  light,  so  that  the  fuel  is  wasted 
iluring  the  eclipses.  At  |trcscnt  the  average  waste  of  light  is  about 
sixty-five  per  cent.,  but  if  a  signal  was  sent  twice  a  minute,  sullicient  to 
indicate  the  tirst  two  letters  of  the  light-house,  there  would  be  a  waste  of 
about  ninety  i)er  cent.  In  order  to  remedy  this  extravagance  Mercadier 
proposes  to  adojit  a  Dubosq  lamp  with  a  round  wicl<  and  a  tube  in  tin- 
centre  of  very  small  diameter,  through  whi<'h  a  jet  of  oxygen  can  be 
discharged  upon  the  toj)  of  the  wick.  In  sj)ite  of  the  high  tempera- 
ture of  combustion,  the  In/up  does  not  heat  much;  it  consumes  little 
[)etroleum,  and  the  wick  does  not  crust.  Therefore  it  will  operate  for 
many  days  witiiout  being  trimmed  or  tilled  anew.  The  intense  flame 
is  produced  by  the  cumbustion  of  petroleum  vapor  at  the  centre  of 
the  jet,  and  the  siu'rounding  film  of  air  being  a  bad  conductor  the 
lamp  heats  otdy  at  the  top  ot  the  burnei-.  The  oxygen  is  enclosed  in 
a  reservoir,  un<ler  suitable  pressure,  which  in  his  a|»paratus  does  not 
exceed  four  millimetres  ("l.")?  in.)  of  mercury;  it  first  passes  through 
u  manipulator,  which  has  a  form  similar  to  that  of  the  key  of  a  Morse 
instrument,  traversing  a  caoutchouc  tube,  which  is  pressed  together 
mIk'U  the  key  is  at  rest.  Upon  depressing  the  key  the  prt>fvsure  uiHUi 
the  tid)e  ceases,  and  the  oxygen  reaches  the  flame;  when  the  key  is 
released  the  oxygen  jet  is  stopjx'd.  In  this  manner  the  flow  of  oxygen 
is  mauii)ulated  as  simply  as  the  electric  current  in  the  Morse  system. 
The  rapidity  of  manipulati(»n  is  more  than  suflicient  for  all  the  reipiire- 
nients  of  optical  telcgra|thy.  A  method  somewhat  similar  has  been 
contrived  by  Mercadier  lor  the  electric  light.  — Co/h^;/.  lintd.  C. 
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Remarkable  Solar  Protuberance. — About  n  A.M.  on  the 
30th  of  August  L.  Thollon  noticed  a  small  and  very  brilliant  luminous 
jet  near  the  sun's  equator.  About  12  h.  45  m.  it  had  attained  prodi- 
gious proportions,  while  still  preserving  the  form  of  a  luminous  jet 
from  a  direction  nearly  normal  to  the  border  of  the  sun.  The  result 
of  frequent  measurements  indicated  a  height  of  protuberance  at  least 
equal  to  half  of  the  sun's  radius,  or  more  than  200,U00  milos.  Whilst 
the  lower  and  middle  parts  of  the  protuberance  gave  a  deviation  of 
the  C  line  towards  the  violet  end  of  the  spectrum  the  summit  presented 
a  similar  deviation  towards  the  red  end.  —  Compf.  Rend.  C. 

Temperature  of  Least  Resistance  in  Steel.— It  is  well  known 
that  a  steel  that  is  verv  flexible  when  cold  breaks  at  the  blue  annealing 
temperature.  It  has  generally  been  considered  that  the  purer  the  iron 
is  the  less  subject  it  becomes  to  this  defect,  but  the  workmen  of  the 
Ural  mountains,  who  use  irons  of  remarkable  purity,  have  often 
observed  the  same  fact.  Mr.  Adamson  has  found  that  the  metal 
becomes  powdery  at  a  temperature  between  260°  and  370°C.  (500  and 
698°F.)  or  the  temperature  at  which  willow  twigs  take  fire.  This 
phenomenon  seems  to  explain  a  large  number  of  accidents,  as  for 
example  the  breaking  of  tires  under  the  action  of  brakes  and  the 
fracture  of  riveted  moulds  and  of  machine  arbors  which  become 
heated  by  friction. — Ann.  dn  Gen.  Cic.  C. 

Behavior  of  Gas  under  High  Pressures— The  following  are 
some  of  the  results  of  Amagat's  investigations  upon  the  dilatation  and 
compressibility  of  gases  under  extreme  pressures.  1.  The  coefficient 
of  dilatation,  for  temperatures  not  greatly  exceeding  the  critical  tem- 
perature, increases  with  the  pressure  until  it  reaches  a  maximum  and 
then  decreases  indefinitely.  2.  This  maximum  corresponds  to  the 
pressure  at  which  the  product  p  v  is  a  minimum.  3.  The  maximum 
diminishes  with  the  increase  of  temperature  and  finally  disappears. 
4.  At  a  temperature  sufficiently  high  the  compressibility  is  represented 
by  the  formula  p  {v  a)  =  a  constant;,  a  being  the  smallest  volume 
that  the  fiuid  can  occupy ;  for  each  gas  a  has  a  special  value.  The 
values  of  a  for  three  important  gases,  at  the  freezing  point  and  under 
normal  pressure,  are  as  follows:  Carbonic  acid  "OOITO,  ethylene  "00232, 
hydrogen  -00078. —  Compt.  Rend.  C 
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Ham.  ok  tiik  Institutk,  June  ir>(|i,  1881. 

TIk!  stated  tncctiri'j;  was  called  to  order  at  8  o'cloek  P.M.,  the  Presi- 
dent, Mr.  W'illiatii  P.  Talliarn,  in  the  ehair. 

There  were  present  11. 'i  iiieiiil)ers  and  ol»  visifirs. 

The  inimitcs  of  the  htst  ineetiiiji;  were  read  and  ai»|»r<»\i(l. 

Tlie  Actuary  presented  the  inimites  oC  the  Board  of  Maiiairers,  ami 
announced  that  at  the  hist  inoetin<j;  l(j  persons  were  ele<-ted  nieiuhers 
of  the  Institute;  also,  that  upon  the  reconiniendation  of  the  ( 'oMiniittee 
on  Instruction  the  ]5oard  had  decided  to  create  tliree  professorships,  viz. : 
on  mechanics,  physics,  and  chemistry;  also,  that  a  ehemiciil  section 
had  l)een  authorized  on  the  pi'titi(»n  of  the  reipiisite  niunher  of  meiii- 
hers  of  the  Institute. 

( )n  motion  of  Mr.  \\  a-hioLMoti  .loiics  the  re<;ular  ordt-r  of"  husiness 
"was  suspended,  and  the  Institute  proeeede<l  to  take  a  vote  upon  the 
repeal  of  Section.  4  ol'  Article  HI  of  the  J»y-Laws,  and  the  alteration 
of  Section  1  of  Article  I,  as  j)ul)lis!ied  in  the  JoruNAF.  Ia.st  month. 
Jk)th  were  unanimously  adopted,  and  the  conHrmation  of  the  latter 
suhmitt(;d  t(»  a  vote  of  the  stockholders  present,  with  a  similar  result. 

The  c()nunittee  on  the  sul))ect  of  a  reor!>anization  of  the  Committee 
on  Science  and  the  .\rts  reported  proirrc-ss. 

The  following  donations  to  the  I^ibrary  have  hcen  receiveil: 

Annual  Peporf  of  the  Chief  Kuixineer  of  the  Water  Department 
lor  1880.  From  the  Chief  Engineer. 

Report  of  the  (■(•mmissioner  of  I ntei-nal.  Revenue  for  ye;ir  endin<x 
June,  187!).  Vwnw  the  Commissioner. 

Thirtieth  .\iinual  Piport  of  the  I  iidian.i  State  Poanl  of  Aliriculture, 
1880.  I-'rom  the  Roard. 

Reports  of  the  Anditor-( ieiieral  on  iIk- Finances  of  the  Common- 
wealth of  PeuiisvlvMiiia  for  1878-80. 

Fi'om  Auditor-(ieneral,  Ilarrisburir. 

Annual  Reports  of  the  Secretary  of  Internal  Atlairs.  Parts  1  and 
2,  187U  and  1880.  From  the  Secretary,  I  Iarrisi»uri;. 

Aiuuial  Report  of  the  St'cretary  of  Internal  Allairs.  Part  1,  187I*- 
80.  From   the  Secretary,  Harrishurjr. 

Annual  Report  of  the  Chief   I'-u^ineer  V.  S.  A.  for  1880. 

From  the  Chief  of  Kntrincci-s. 
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Documents  relating  to  the  Colonial  History  of  the  State  of  New 
Jersey.     By  W.  A.  Whitehead.     Vol.  1.     1631-87. 

From  the  Author. 

Transactions  of  the  Department  of  Agriculture  of  Illinois.  Vols. 
9  and  11.     1871  and  1873.  '  From  E.  Hiltebrand. 

Wood- working  Tools;  How  to  Use  Them.     Boston,  1881. 

From  the  Smithsonian  Institute,  Washington,  D.  C. 

Transactions  of  the  Society  of  Engineers  for  1880. 

From  the  Society,  London. 

Specifications  and  Drawings  of  Patents  for  September,  1880. 

From  the  United  States  Patent  Office. 

Account  of  tlie  Operations  of  the  Great  Trigonometrical  Survey  of 
India.     Vol.  6. 
From  His  Excellency  the  Viceroy  and  Governor-General  of  India. 

Transactions  and  Proc.  of  New  Zealand  Institute.  Vols.  1,  5  to 
10,  and  13. 

Index  to  Vols.  1  to  8. 

Catalogue  of  Tertiary  Mollusca  and   Echinodermata  of  New  Zea- 
land.    Wellington,  1873. 
*     Geological  Report  on  the  Waikato  District. 

Hand  Book  of  New  Zealand.     Wellington,  1880. 

Appendix  to  Official  Catalogue  International  Exhibition,  Sidney. 
Wellington,  1880. 

Palaeontology  of  New  Zealand.     Part  4.     Wellington,  1880. 

Fifteenth  Annual  Report  on  the  Colonial  Museum,  etc.,  1879-80. 

Catalogue  of  Exhibits  International  Exhibition.    Melbourne,  1880. 

Reports  of  Geological  Explorations  during  1877-79. 

Catalogue  of  Stalk  and  Sessile-eyed  Crustacea  of  New  Zealand. 

Catalogue  of  the  Echinodermata  of  New  Zealand. 

From  the  New  Zealand  Institute,  Wellington,  N,  Z. 

General  Index  to  tlie  Fourth  Ten  Vols,  of  Jour,  of  Royal  Geogra- 
phical Society.     1881.  From  the  Society. 

Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester. 
Vol.  6.    3d  Series. 

Proceedings  of  the  Literary  and  Philosophical  Society  of  Manchester. 
Vols.  16-19.  From  the  Society. 

Official  Catalogue  of  the  British  Section  Paris  Univ.  Exhibition, 
1878.     2d  Ed.     4  Pts. 

Remarks  on  the  Manufacture  of  Glucose  by  the  Johnson  Process. 

From  Harrison  Bros.  &  Co. 

Photometric  Measurements  of  the  Variable  Stars.  By  E.  C.  Pick- 
ering.    Cambridge,  1881,  From  the  Author. 
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Hygiene  of  P>tni<;rant  Ships.      liy  T.  J.  TiiriKr.      IXSO. 

Foiirtcentli  Annual  Rc'|t(»rt  ot  tli*-  P«':iIto(l\  Institute  (»<"  the  City  of 
Baltimore.      1881.  From  the  Institute. 

Catalogues  des  iJrevet.s,  l«7S-s(). 

l''r<im  the  j-'niich  J'atciit  OfVice. 

Report  upon  Certain  ^ruscums  for  Technology.  S-icnce  an<l  Arts. 
By  A.  Liversidge.     Sidney,  ISSO. 

Reports  of  Council  of  Kducation  u|>oii  the  ( "onditi<in  of  PiiMic 
Schools,  1879.     Sidney,  l88U. 

Journal  of  the  Roval  Soeietv  of  X<'U"  South  \\:ile<.  \'(.|.  l:j. 
1879. 

Transactions  of  the  Koval  Soeietv  of  New  S(»uth  Wales  ior  1808- 
70  and  187:*.. 

Annual  Report  ol'  the  I  )cpartmeiit  of  Mines,  with  Maps  of  New 
South  Wales,  for  1878  and  1879. 

l''n»m  the  Royal  Society  of  New  South  Wales. 

Abhandliuigen  dei-  K.  K.  (Je.ol.  Rei<-h.  V..1.  iL'.  Part  li.  Die 
Gasteropoden.  From  K.  K.  <  ieol.  Reich.,  X'ienna. 

Programm  der  (irossherz(»glich-iiadi>chen  i*olyte<-hnischen  S-hule 
zu  Karlsruhe  fiir  18S()-81.      "  From  the  School. 

Puhlications  of  Ivoyal  Instituto  (\\  studi  >uperiori  practici  e  di  per- 
fezionami'Uto  in  Fireiize. 

(1)  Colera  Asiatica  mcmoiredcl  Dott  Filippo  Pacini  (2)  Origini  Delia 
liingua  Poetica  Italiana  Del  Dott  C.  N.  Caix.     From  the  Institute. 

Meteorological  ( )l)scrvations  recorded  at  Six  Stations  in  India  in 
1879. 

Registers  oi*  Original  ()l>servati(»ns  in  1880  for  .lanuary  to  March. 
Fr(.»m  the  Mcteorol.  Dept,  CJovcrnment  of  India. 

Anales  del  In-«titiUo  y  Obscrvatorio  de  Marina  de  San  Fernando. 
Bv  Don  Cecilio  Pujazon.     Section  2.      liS77  and  1878. 

From  the  Institute. 

Dr.  Robert  (Jiiin>liaw  read  a  ptiper  ()n  "  Percus.-ion  Rock  Drills," 
illustrated  by  photographs  of  machines  projected  upon  the  screen. 
The  j)a|)er  is  printed  in  this  ntimber  of  the  .IoIHNAL. 

Mr.  Lorin  Blodgett  read  a  i>aj)er  on  ''Textile  Fi!)res  Under  the 
Microscope,"  illustrated  by  samples  of  them,  and  photographs  of  tiie 
same  thrown  upon  the  screen  ;  also  images  of  the  silkworms  at  work. 
The  cocoons,  etc.,  were  furnished  by  the  Women's  Silk  Culture  .Vs.><o- 
ciation.  Mr.  Rlodgett,  after  briefly  mentioning  tiie  importance  of  the 
subject  u[>on  which  he  had  undertaken  to  spi'ak,  said  that  Ik- did  not  pur- 
pose to  repeat  the  admirable  general  directions  to  silk-growers  given 
by  the  W  omen's  Association,  but  simply  to  show  what  the  silk  fibre 
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is,  and    liow  to  handle  it,  so  as  to  make  it  as  valuable  as  the  silks 
of  Italy  or  France. 

The  fibre  of  silk  as  produced  in  the  cocoon  is  a  single,  continuous 
and  ])erfect  fibre — the  most  perfect  and  durable  of  fibres,  if  properly- 
treated  ;  and  it  must  be  treated  as  a  single  fibre  throughout.  Raw 
silk  is  a  definite  number,  five  to  eight  fibres,  as  reeled  from  the 
cocoons,  adhering  in  a  body  by  the  gum  of  the  (locoon  remain- 
ing on  them — apparently  a  single  fibre,  but  really  a  bundle  of  eight, 
as  shown  in  the  figure,  representing  a  thread  of  Chinese  Tsatlees,  the 
best  of  the  Chinese  raw  silks. 

All  silk  fibres  must  be  reeled  in  bundles  of  not  less  than  five  nor 
more  than  eight;  if  reeled  in  single,  double  or  even  triple  fibres, 
from  as  many  cocoons,  they  cannot  be  used  as  regular  silk. 

Floss  silk  is  of  two  kinds ;  first,  the  light  outer  fibres  of  the  cocoon, 
M'ith  the  broken  and  imperfect  fibres  cleaned  of  gum,  usually ;  but 
the  better  Jloss  silk  is  reeled  silk  of  not  less  than  five  cocoon  fibres, 
not  usually  cleaned  of  gum,  and  not  much  twisted.  This  is  more 
frequently  called  singles. 

•     Tram  is  a  combination  of  three  threads,  15  to  24  original  fibres, 
with  more  twist,  2J  to  3  turns  to  the  inch. 

Organzine  is  made  up  of  two  threads,  twisted  12  turns  per  inch 
to  the  left,  then  doubled  with  8  turns  per  inch  to  the  right.  This 
is  the  standard  quality  of  thread  for  the  best  silk  goods. 

All  who  reel  silk  should  weigh  500  yards  of  the  raw  thread,  made 
up  of  five  single  cocoon  fibres,  making  2500  yards  of  single  fibre. 
If  the  hank  so  reeled  is  above  or  below  the  standard  weight,  a 
greater  or  less  number  of  cocoons  should  be  united  in  the  one  raw 
thread. 

These  definitions  are  given  because  they  are  absolutely  essential  to 
success  on  the  part  of  the  American  grower.  He  cannot  make  any- 
thing but  raw  silk  in  the  gum,  as  reeled  in  the  manner  described; 
but  he  must  know  what  the  manufacturer  who  makes  floss,  tram  and 
organzine  demands,  or  his  silk  will  be  worth  but  one  or  two  dol- 
lars per  pound,  when  it  should  be  worth  six  dollars  per  pound. 

Spim  silk  is  made  from  pierced  cocoons,  cocoon  waste,  and  the  waste 
mills  using  raw  silk — that  is,  in  its  best  form.  It  is  carded  and 
drawn  with  as  much  care  as  worsted  wool,  and  forms  a  valuable  ele- 
ment of  many  fabrics,  particularly  upholstery  goods,  trimmings  and 
ornamental  articles.     All  growers  will,  of  course,  have  a  part  of  their 
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product  in  these  waste  tonus,  but  tlicv  alone  do  not  make  silk  grow- 
ing profitable. 

The  lecturer  also  described  briefly  other  textile  fibres,  such  a.s  wool, 
<.'ott(jn,  jute,  flax,  ramie,  etc.,  and  showi-d  on  the  screen  magnified 
images  of  dyed  silk  with  |>articles  of  iron  api>earing  like  knots  on  the 
fibre.  These  add  weight  to  the  goods,  but  reduce  its  wearing  (pialities 
and  \alui'.  They  are  used  to  a  great  extent  in  .some  silks,  tiie  pound 
of  silk  .sent  to  the  dyer  coming  l)ack  weighing  from  17  to  18  ounc(^, 
the  additional  weight  being  due  to  iron,  tin  or  chemicals  used  in  dyeing. 

Mr.  Orr  said  that  he  thought  that  flax  had  been  ascertained  to  have 
a  definite  fibre  of  known  diameter.  It  was  an  old  homely  fibre,  but 
very  good,  and  he  was  glad  to  say  that  the  State  of  New  Jersey  iia<l 
offered  a  premium  of  80.00  per  ton  for  fiax  straw  <:rown  in  that  State, 
in  order  to  encourage  that  iiu])oi-taMt  indu-tiy. 

The  Secretary's  report  includi-d  the  Servo.ss  (ja.s  Regulator,  which 
was  shown  and  explained.  It  citntains  no  diaphragms  of  rubber  or 
leather,  liable  to  become  clogged  and  stiff,  but  is  made  entirely  of 
bra.ss.  It  is  attached  to  the  di.^charge  side  of  the  meter,  the  house 
])ipes  being  tlien  screwed  to  the  ivgidator  instead  of  to  the  meter.  Tl)e, 
pressure  of  gas  in  the  street  mains  is  greater,  in  parts  of  a  disti'ict  at 
least,  than  is  re(piired  to  furnish  full  light  without  waste,  this  being 
made  necc.s.sary  by  the  length  of  the  mains  and  the  variable  number  of 
jets  in  use  at  ditlerent  times.  The  regulator  is  intended  to  reduce  the 
pressure  in  the  pipes  tt>  which  it  is  attached,  so  that  no  more  gas  shall 
])a.ss  than  can  be  economically  burned.  In  theServoss  Regulator  there 
are  two  bra.ss  valves,  one  of  which  can  be  fixed  and  locked  to  limit  the 
pa.s.sage  of  gas  for  a  fixed  number  of  lights,  while  the  other  moves 
automatically  anil  a^'conimodates  it.self  to  the  number  of  burners  in  u>e, 
the  weight  of  this  valve  l)eing  gauged  to  the  average  gas  pressure  in 
the  place  at  which  it  is  to  be  employed.  It  has  been  in  u.se  for  five  ye:ii>=, 
and  the  patentee  claims  that  it  will  save  15  per  cent,  of  g:is  in  this  city 
without  decreasing  the  illumination. 

Amesburv's  band  .s:iw  filing  machine  was  exhibited.  It  is  designed 
not  only  to  expetlite  the  work  (»f  sharpening  band  .saws,  but  to  si*cure 
the  even  cutting  of  the  points.  It  is  .said  that  an  ordinary  band  saw 
contains  from  OOO  to  l.SOO  teeth,  ami  that  it  takes  an  expert  filer  from 
oO  to  DO  minutes  to  sharpen  one,  while  a  boy,  who  simply  turns  a 
crank,  can  with  the  machine  do  the  same  work  better  in  from  10  to  15 
minutes.     Two  special  files  are  used,  one  for  sharpening   the  face  of 
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the  teeth  and  gumming  out  the  throat,  and  the  other  for  sharpening 
tlie  back  of  tlie  teeth.  The  niacliine  is  adjustable  for  any  size  of  teeth, 
and  by  the  use  of  springs  giving  a  variable  pre.ssure  to  high  and  low 
teeth  irregularities  are  reduced,  and  the  teeth  brought  to  a  level.  The 
machines  may  be  run  by  power  or  by  hand. 

G.  W.  Amesbury  &  Co.  also  exhibited  improved  solid  bit  expansion 
matcher  heads,  for  tongueing  and  grooving,  the  heads  being  adjustable 
so  as  to  give  any  thickness  of  tongue  or  groove  desired. 

A  model  of  a  section  of  Woodruff 's  new  sleeping  car  was  shown. 
The  peculiarity  about  it  is  an  arrangement  of  mattresses  and  supports, 
which  does  away  with  all  boxes,  leaving  the  upi)er  part  of  the  car 
entirely  open  in  the  daytime.  The  car,  \vhen  used  as  an  ordinary  day 
car,  does  not  show  that  it  can  be  arranged  as  a  sleeper,  and  when  tlie 
berths  ai'e  opened  the  upper  and  lower  ones  are  substantially  alike. 
The  supports  for  the  mattre.sses  are  made  of  wire,  and  can  be  com- 
pressed into  one-half  the  space  they  occupy  when  extended. 

Pole's  differential  car  starter  is  different  from  all  other  devices,  of 
which  there  are  a  great  number.  This  starter  works  on  the  principle 
of  changing  the  centre  of  gravity  of  the  weight  of  the  body  to  be 
moved  or  started,  and  consists  in  placing  under  a  car  or  other  vehicle 
a  system  of  smaller  wheels,  to  which  the  car  body  is  attached,  bearing 
upon  the  inner  side  of  the  rim  of  the  wheels,  which  rest  upon  the 
track.  The  applied  power  is  made  to  draw  a  suitable  bar,  which  pulls 
on  the  axle  of  the  larger  wheels,  and  thereby  throws  the  centre  line 
of  the  large  and  small  wheel  out  from  the  vehicle,  and  by  the  law 
of  gravitation  the  small  wheel,  on  which  rests  the  vehicle,  runs  down 
the  incline,  and  every  time  the  horses  pull  they  have  the  advantage 
of  the  differential  leverage. 

Thomas'  adjustable  table  weighs  but  15  pounds,  and  by  a  simple 
jointed  arrangement,  like  lazy  tongs,  can  be  quickly  adjusted 
at  different  heights,  and  maintained  there;  braces  attached  to  a 
horizontal  slotted  bar  with  thumb  screws,  giving  the  table  the  neces- 
sary steadiness. 

The  Secretary  read  a  letter  from  Gen.  Hazen,  in  charge  of  the  Sig- 
nal Office  at  Washington,  inviting  college  graduates  to  the  opening 
which  the  Signal  Bureau  presents  to  young  men  of  decided  talent  and 
scientific  tastes. 

There  being  no  further  business,  on  motion  the  Institute  adjourned 

until  the  September  meeting. 

Isaac  Norris,  M.D.,  Secretary. 


I 


JOURNAL 


FRANKLIN  INSTITUTE. 

OF  THE  STATE  OF  PENNSYLVANIA, 
FOR  THE  PROMOTION  OF  THE  MECHANIC  ARTS. 

Vol.  cxii.  Ar(;rsT,  i.ssi.  Xo.  -i. 

rHE    Franklin    Institute    is    not   responsible    for    tlie   staten)ents  and    opinions 
advanced  bv  conlribiitors  to  tiie  Journal. 


AX  ACCOUXToF  EXPERIMI<:XTS  MADE  in    a   IJOAIID  of 
UXITEI)  STATES  XAVAL  EXCUXEERS  with  SCREW 
I'ROPEELERSoF  DlEEEIiEXT  MATERIAL  and 
DIMEXSIOXS,  APPLIED   t.»   the   FXITED 
STATES  EISII  (  OMMISSIONS  STEAMER 
.     "LOOKOrT,"'    wnii   the   HULL  COP- 
PERED AM.  NOT  COPPERED. 


I>y  Cliicl'-EnuiiiC'cr  l>HEii\vo.oi),  L'.  S.  Xavv. 
(Continued  Inun  page  4ft.) 


Ill  tlie  fullowiiio;  Table  X'o.  1  will  l>t'  tnmul  the  <lata  of  the  experi- 
iiients.  The  (luaiititics  therein  uiven  are  so  lully  ile.^cribeil  as  to 
need  ii«i  fuither  e.\[)lanati<iii. 

The  tVietion  of  the  eiiuine,  yxv  .sv,  that  i.s  to  say,  the  )>re-ssiire 
re(|uire<l  to  work  the  unKtailed  enixine,  is  taken  at  2  |)i)un(ls  per  scpiare^ 
inch  of  the  pi.ston.s  of  the  two  eylinders.  The  reniaiiulers  of  tlie 
indicated  j)res.sures,  after  (iednction  of  these  tw(.>  pounds,  are  the  net: 
Itresjsures  upon  the  pi>tons. 

In  order  to  obtain  a  sinirle  expression  tor  the    indicated  and   tor  the 
net  pressures,  they  have  been  reduced   to  what   they  would    have  been 
had  the  engine  consisted  of  the  larue  cylinder  alone. 
Whole  No.  Vol.  CXII. — (Third  Serie-s,  Vol.  ixxsii.)  (i 
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Explanation  of  Table  No.  2. 
In  Table  No.  2  will  be  found  the  tli.stribntion  of  the  power  during 
each  of  tlie  experiments  whose  data  are  recorded  in  Table  No.   1, 
the  capital  letters  at  the  heads  of  the  columns,  in  both  tables,  indi- 
cating experiments  with  the  screws  designated  by  the  same  letters. 

This  distribution  is  necessary  in  order  to  understand  what  jiortions 
of  the  indicated  horses-power  developed  by  the  engine  are  expended 
in  the  difterent  operations  connected  with  the  propulsion  of  a  vessel 
by  a  screw. 

Of  the  indicated  horses-power  a  portion  is  consumed  in  working 
the  engine,  per  se,  that  is  to  say,  the  unloaded  engine ;  and  this  por- 
tion must  first  be  deducted,  because,  until  the  friction  of  the  engine  is 
overcome,  no  power  can  be  applied  to  the  screw,  or  externally  of  the 
engine;  for  it  is  obvious,  that  until  the  friction  of  the  engine  itself  is 
counterbalanced,  the  piston  cannot  move. 

After  the  deduction  of  this  pt)wer,  the  remainder  of  the  horse.s- 
power,  called  the  net  horses-power,  is  applied  to  the  crank])in  and 
does  external  work.  A  friction  attends  tiie  net  power,  additional  to 
that  of  the  unloaded  engine  and  proportional  to  the  net  power,  let 
the  latter  be  what  it  may ;  and  the  })ower  required  to  overcome  tiiis 
friction  is  the  power  absorbed  by  the  friction  of  the  load,  the  articu- 
lations of  the  engine  moving  under  the  net  pressure  producing  greater 
friction  on  them  than  is  due  to  the  mere  weight  of  the  moving  parts 
and  to  the  pressure  of  the  packings. 

Then,  there  are  the  honses-power  expended  in  overcoming  the  skin 
or  surface  resistance  of  the  .screw  blades  exj)erienced  from  the  water 
in  which  they  move.  Tiiis  power  can  be  calculated  independently 
when  the  data  are  known. 

There  still  remain  to  be  determined  the  portions  of  the  net  horse.s- 
power  expended  in  the  slip  of  tiie  screw  and  in  the  propulsion  of  the 
vessel.  The.se  are  a.scertained  as  follows:  The  sum  of  the  powers 
expended  in  overcoming  the  friction  of  the  load  and  in  overcoming 
the  resistance  of  the  water  to  the  surface  of  tiie  screw  blades  being 
deducted  from  the  net  horses-power,  the  remainder  is  divided  between 
the  power  expended  in  the  slip  of  the  screw  and  in  the  propulsion  of 
the  vessel  in  the  ratio  of  the  speeds  of  the  two  ;  the  pressure  exer- 
ci.sed  by  the  screw  forward  in  propelling  the  vessel,  and  backward 
upon  the  receding  ma.ss  of  water,  constituting  the  slip  of  the  .screw, 
being  the  .same.     Hence,  if  the  aforesaid  remainder  of  power  be  nuil- 
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SCREW     EXPERIMENTS. 

By  Chief  Engineer  ISHERWOOD,  V.  S.  Navy. 

JLE  Xix  1,  t'dXTAiNiNc  rm;  Data  of  the  Experiments  made  in  1880,  in  the  Potomac  River,  by  a  Board  of  United  States  Navai-  Engineers  with  the  Different  Scrkw  P.joi'Et.I.ers  applied  to  the  Unitei> 

States  Fish  Cojimissiois's  Steamer  "  Lookout,"  for  the  Purpose  of  Ascertaining  the  Best  Proportions  of  Screw  for  that  Vissel. 
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Number  of  runs  over  the  base  of  11|  geographical  miles, 

Number  of  double  strokes  made  by  the  eugiue's  pistons,  and  of  re 
the  screw,  per  niiiiute,  ..... 

,  .Speed  of  the  vessel  per  hour,  in  geographical  miles  of  (5II.SG  feet, 
[  Slip  of  the  screw,  in  per  centum  of  Its  speed,  ..... 

f  Indicated  pressure  on  the  piston  of  the  small  cylinder,  in  pounds  per  square  inch,     . 
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I  indi.  Mic.l  |. IV., MIC  tliat  would  have  been  upon  the  piston  of  tlie  large  cylinder  had  the  | 
I  iiiilicntr.l  |iirssure  u]>on  the  piston  of  the  small  cylinder  been  reduced  in  the  ratio 

I         of  tlie  net  :in-:i  of  tln>  jiistoii  of  the  large  cylinder  to  the  net  area  of  the  piston  of  ^ 
!         the  snuiil  cylinder,  and  I  Ilc-  .piantity  thus  obtained  added  to  the  indicated  pressure 
i  upon  tlie  piston  of  the  lar^e  cvliiider,  .  .  .  •  -J 

Net  pressure  lliat  would  have  been  upon  the  jiiston    of  the  large  cylinder  had  the  net] 

I  pressure  npi>ii  the  ]iiston  of  the  small  cylinder  lieeii  redueed  in  the  ratio  of  the  net  | 

area  of  the  i>iston  ot  the  large  cylinder  to  the  net  area  of  the  piston  of  tlie  small  ', 

I  cylinder,  and  the  quantity  thus  obtained  adiled  to  the  net  ]ir 

1         of  the  large  cylinder,  .  .  .  ■ 

f  Indicated  horses-power  developed  in  the  small  cylinder, 
j  Indicated  horses-power  developed  in  the  large  cylinder, 

.\ggni;al.>  iiiili.ated  liorses-powei'  deyelo])e(l  by  tlie  engine, 
;  Net  lioisc>-iiowiT  develoiied  in  the  small  cylinder, 
I  Net  liorsrs-power  deyeloiied  in  the  large  cylinder, 
I  Aggregate  net  horses-power  developed  by  tlie  engine, 
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ti|)ln"il  l)V  tlic  .sjticd  of  tilt-  ^li|i  (,'.\ pressed  In  tVaetioiis  of  the  axitil 
.S[)e<Ml  ol'  tlu!  screw,  tlie  product  will  lie  the  power  exj>ended  int  he 
slip,  wiii(;h  being  suijtnu'ted  from  the  above  remainder  li-iivt-s  the 
re.si<bie  as  the  j)ower  expended  in  the  proj)uIsion  of  the  vessel. 

On  these  geneial  principles,  the  corresponding  quantities  in  'I'able 
No.  2  have  been  calculated.  For  facility  of  reference,  the  (pian'.ities 
Jiave  been  grouped  and  the  lines  containing  them  numbered. 

Line  1  contains  the  dates  of  the  experiments.  Line  2  giv(^s  the 
■speeds  of  the  vessel  per  hour,  in  geographical  mihis  of  (JOMG  feet. 
Line  .3  gives  the  slips  of  the  screws  in  per  centum  of  their  sj«'e<l, 
•<'alculated  from  their  j)itches  into  the  nundier  of  their  revoluti<tns 
made  ]>er  hour,  and  from  the  s|»iM'ds  of  the  vessel  on  line  2.  <  )ii  line 
4  are  the  thrusts  ot'  the  screws  in  pounds  during  each  experiment  ; 
these  fjuantities  are  what  would  have  biM-n  given  by  a  dvnamometer 
had  one  been  applied  direrilv  to  the  screw  shafi  and  fulcrumeil  on  the 
vessel.  They  are  calculated  from  the  cpiantities  on  line  1!>,  bv  multi- 
plying the  latter  by  o.'},()()0  :tud  dividing  the  product  bv  the  spei-«l  of 
the  vessel  in  feet  j)er  minute.  Line  o  contains  th»'  inunbei-  of  <|nid»le 
str(»kes  made  per  minute  by  tln'  |»istons  of  the  engine,  ami  of  resolu- 
tions made  ju'r  mimite  bv  the  >ere\v.  The  <piantifies  on  lines  ],  2,  -J 
nnd  o  are  taken  from  Table  Xo.  1  and  added  for  the  sake  of  com- 
])leteness  to  Table  No.  2. 

Disfrifti/fiDH  o/  fhr    Jinlictitrd    Jlorsr.s-J'mrir. 

Lines  l.">t<t  11),  both  inclusive,  show  the  distribution  of  the  indi- 
<'iitcd  iiorses-power  among  the  o|»erations  contingent  on  the  propulsion 
of  the  vessel  l»y  the  ex|)erimental  screws.  Line  |.".  contains  the  indi- 
<'ated  horses-j»ower,  the  (piantities  being  taken  from  Table  No.  1  ;  and 
line  1")  contains  the  net  horses-power  ap|»lie(|  to  the  crank|»in.  aUo 
taken  from  Table  Xo.  \.  Line  1  I  contains  the  horses-power  exjK^"ndetl 
in  working  the  engine,  y^</- .vc,  or  uidi>aded,  the  (piantities  being  the 
iiiflerence  l)etween  those  on  lines  L'{  and  L") ;  thev  can,  however,  In? 
obtained  indepen<lently  by  caleidation,  the  (hita  iK'ing  the  spee<l  of  the 
jtiston  per  minute  in  feet  obtained  from  line  o,  the  area  in  s<piare 
inches  of  the  piston  of  the  large  cylinder  alone,  and  the  |»r<'.ssure  on 
line  7.  Lille  If!  c<intaiii.-.  the  lior-e-.-power  alt-orbetl  bv  the  tViction  of 
the  load;  these  ijuantities  are  obtained  i»y  multiplviiiir  th<»<e  on  line 
lo  by  O-OTo.  that  fraction  being  the  eoetlicieiit  of  the  friction  of  the 
'"•'I-      Line  17  gives  the  lior<,.s-power  expeiide<l    in   overcoming  the 
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resistance  of  the  water  to  the  surface  of  the  screw  blades.  Tliese 
quantities  liave  been  calculated  on  the  assumption  that  a  square  foot 
of  the  helieoidal  surface  of  the  screws,  moving  in  its  helical  path  with 
a  s[)eed  of  10  feet  per  second,  has  a  resistance  of  0*45  pound,  which 
resistance  increases  or  decreases  in  the  ratio  of  the  square  of  the  heli- 
cal speeds.  Line  18  contains  the  horses-power  expended  in  the  slips 
of  the  screws,  these  quantities  are  calculated  by  multiplying  the- 
remainders  of  the  quantities  on  line  15  after  subtraction  of  the  sum 
of  the  quantities  on  lines  16  and  17,  by  the  quantities  on  line  3- 
expressed  in  fractions  of  the  axial  speeds  of  the  screws.  Line  19  gives- 
the  horses-power  expended  in  the  propulsion  of  the  vessel,  which 
power  is  all  that  is  utilized  of  the  entire  power  developed  by  the 
engine.  The  quantities  are  the  remainders  of  those  on  line  15  alter 
subtractl(jn  of  the  sum  of  the  quantities  on  lines  16,  17  and  18. 

Distribution  of  the  Indicated  Pressure  on  the  Piston. 

Lines  6  to  12,  both  inclusive,  show  the  distribution  of  the  indicated 
pressure.  A  single  expression  for  this  pressure  being  necessary,  and 
the  engine  having  two  compounded  cylinders — a  small  one  and  a 
large  one — the  desired  single  expression  was  obtained  by  reducing  the 
experimental  indicated  pressure  per  square  inch  on  the  piston  of  the 
small  cylinder,  in  the  ratio  of  the  areas  of  the  pistons  of  both  cylin- 
ders, and  adding  the  quantity  thus  obtained  to  the  experimental  indi- 
cated pressure  per  square  inch  on  the  piston  of  the  large  cylinder. 
These  are  the  quantities  on  line  6,  and  are  taken  from  Table  Xo.  L 
Line  7  ccmtains  the  pressure  per  square  inch  of  the  large  piston 
alone,  required  to  work  the  engine, per  se.  With  both  cylinders  in  use^ 
this  pressure  was  taken  at  2  pounds  per  square  inch  of  the  pistons^ 
and  the  equivalent,  if  applied  to  the  piston  of  the  large  cylinder 
alone,  was  obtained  by  dividing  2  by  the  ratio  of  the  areas  of  the  two 
pistons  and  adding  the  quotient  to  2,  which  produced  the  constant 
2*7164  pounds  per  square  inch,  for  the  piston  of  the  large  cylinder 
alone,  on  line  7.  Line  8  gives  the  net  pressures  applied  to  the  crank- 
pin,  in  pounds  per  square  inch  of  the  piston  of  the  large  cylinder 
alone ;  these  quantities  are  the  remainders  of  those  on  line  (J  after  sub- 
traction of  those  on  line  7.  Line  9  contains  the  pressures,  per 
square  inch  of  the  piston  of  the  large  cylinder  alone,  absorbed  by  the 
friction  of  the  loads ;  these  quantities  are  the  products  of  those  on 
line  8   by  the  fraction  0*075  which  is  the  coefficient  for  the  friction. 
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Line  10  contains  tlio  j)re>siiros  piT  sijiiarf  ini-li  of  tin*  piston  of  the 
larji^e  cylinder  alone  expended  in  ovcn-ominir  tin-  r'>i-;fan<r  ot"  the 
•water  t<»  tin-  surfaci-  of  tlie  screw  Made-.  riic-i"  (|naiititir<  arc  the 
isanie  ])roportion  of  those  on  line  S,  that  the  ipitintities  <»n  line  17  are 
of  (hose  on  line  ]•">.  Line  11  contains  th<'  pre-^nres  per  >(jnare  iiw-h 
■of  the  piston  of  the  larjj:e  cylinder  alone  e\pii(Ic.|  in  the  -lip  of  the 
screw.  These  fpiantities  are  the  same  proportion  of  tho-c  on  line  S, 
that  the  (jnantities  on  line  18  are  of  those  on  line  lo.  Line  12  <-on- 
tiiins  the  pressures  |)er  srpuire  inch  of  the  piston  of  the  lari^e  eviinder 
alone,  expended  in  the  propnlsion  of  the  vessel.  These  (piantitie-  are 
the  same  proportictn  of  those  on  line  S,  that  the  (piantities  on  lin<-  ll* 
are  of  those  on  line  1").  ( )r,  the  (piantitie>  on  line  12  are  what  remain 
after  subtraction  from  tho-e  on  line  s  of  tin'  -nm  of  the  ipiantitic-  on 
lines  9,  10,  11  atid  12. 

The  (juantitics  on  lines  20,21,22  and  2"5  are  the  per  centum, 
res|)ectively,  which  the  ipiantities  on  lines  l<i,  17,  is  and  I'.i  are  of 
tlio.se  on  line  10.  The  (piantities  on  lines  2**,  21,  22  and  2.'5  are  also 
the  |)er  centum,  respectively,  which  the  <piantities  on  line-  H.  l(i.  11 
and  12  are  of  those  on  line  S,  The  quantities  on  lines  2n,  21,  22  and 
23  show,  centesimally,  the  di-tril»ution  of"  tic  net  pressure  and  of  the 
net  jtower  a|)plied  to  the  crankpin. 

I'he  (piantities  on  line  2"I  ex|)re>s  the  relative  utilization-  of'  the 
<'.\  peri  mental  screws  ;  that  is  to  say,  they  cxpres-  the  pel'  centum  of 
the  net  power  applied  to  the  crankpin  which  the  screws  appiv  to  the 
])ropnlsion  of  the  vessel.  These  utilizations  are  correct  if  the  di-tri- 
l)uti()ii  of  the  net  |)o\\cr  lie  correct,  Imt  not  otherwise.  It  is,  there- 
i'orc,  of  importance  that  the  I'clative  utilizations  ot'  the  -crew-  he 
•ohtained  directly  from  data  devoid  ol'  doiiht.  The  (piantitie-  on  line 
"2i  express  such  results,  and  are  ohtained  hy  dividing;  the  cuhes  of  the 
specMls  of  the  vessel  on  line  2  li\'  the  net  hor.-es-power  appliel  to  the 
■crankpin — line  15.  The  cuhe  of  the  speed  of  the  v<'ss«d  expres-s^-s 
the  useful  work  done,  and  the  net  horses-power  expresses  the  |H»wcr 
-exi)ended  in  doing  it  ;  the  latter  divide<l  into  the  former  ijives  tlic 
work  done  pro  rntd  to  jK)wer  expendeil,  tiierefore  the  larj^er  the  (pio- 
tients  of  the  divisions,  that  is,  the  lanrer  tiie  «]iiantitie-  on  line  21. 
<he  i^reati'r  will  l>e  the  utilizations  of  the  screws. 

The  (piantitie-  on  line  24  allord  the  means  of  demon-tr.itiiii; 
whether  the  distrihution  (tf  the  |)ower  is  correct  ;  it"  it  Ih',  then  the 
<piantities  on   line  '2-\   will   have  the  -ame  ratio  to    each    other    that 
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the  (jiiantitics  on  line  24  have  to  cacli  other.  To  find  if"  this  equality" 
exists,  the  quantities  on  line  '24  were  divided  into  those  (hi  line  23,. 
and  the  (juotients  are  given  on  line  25.  If  these  quotients  werc  ecjual^ 
then  the  distribution  of  the  power  would  be  exaet ;  if  unequal,  it  i.s^ 
inexact  to  the  extent  of  the  inequality.  When  tlie.se  quotients  are 
examined,  there  must  be  recollected  that  they  consist  of  two  sets — one 
for  the  uncoppered  hull  ^^columns  A,  B,  C,  D  and  E),  the  other  for 
the  coppered  hull  (columns  F  and  G) ;  consequently,  the  equality 
referred  to  must  be  loohed  for  only  between  the  experiments  of  each 
set. 

The  fact  that  in  the  experiments  with  the  coppered  hull,  it's  resist- 
ance was  less  than  when  it  was  uncoppered,  makes  its  speed  higher 
with  a  given  net  power  than  when  uncoppered ;  and  the  quotients  of 
the  division  of  the  cubes  of  the  speeds  of  the  ve.s.sel  by  the  net  horses- 
})ower  will  consequently  be  higher  with  the  coppered  than  with  the 
uncoppered  hull.  These  higher  quotients  (experiments  i'^and  G,  line 
24)  divided  into  the  corresponding  utilizations,  or  quantities  on  line 
23,  give  accordingly  less  results  on  line  25  for  experiments  F  and  G 
than  for  the  remaining  experiments. 

The  near  equality  of  the  quantities  on  line  25  for  experiments  A^ 
B,  C,  D  and  E  with  the  uncop|)ered  hull,  and  for  experiments  i^and 
G  with  the  hnll  coppered,  j^rove  the  ])rinciple  and  the  constants 
em[)loyed  in  calculating  the  distribution  of  the  power  to  be  correct. 
No  nearer  approach  to  ecpiality  than  these  quantities  present  could  be 
obtained  from  delicate  laboratory  experiments.  With  this  confirma- 
tion, the  data  and  results  of  these  screw  trials  may  be  accepted  as- 
absolutely  exact. 

Results. 

The  experiments  allow  the  difference  between  the  resistance  of  the 
of  the  hull  when  coppered  and  when  uncoppered  to  be  determined. 
Tlie  mean  sjieed  of  the  five  experiments  A^  B,  C,  D  and  E,  with  the 
uncoppered  hull  (line  2,  Table  No.  2)  was  9"9741  geographical  miles 
per  hour ;  and  the  mean  thrust  of  the  screw,  expressing  the  resistance 
of  the  vessel,  was  1814T283  j)ounds  (line  4,  Table  No.  2).  The  mean 
speed  of  the  two  experiments  i'^  and  G,  with  the  hull  coppered,  was 
9'8442  geograi)hi(al  miles  per  hour,  and  the  mean  thrust  of  the  screw 
was  1()12'()248  pounds.  The  latter  ({uantity  increased  in  the  ratio  of* 
the  squares  of  the  speeds  9"9741  and  9*8442  geographical  miles  per 
hour,  becomes  1()54"8370  jiounds,  which  compared  with  the  1814*1283 
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|>oiiii(ls,  >li<t\vs  that  Iravinjr  off  tho  copiM-r  frrun  tlif  (•\t<Ti<'r  iiimi<'r-.^-<| 
Mirracc  of  tlic  liilll,  iii<Tia.-c<l  its  n>i<taiic<'  rj''t")7*J  \ur  ••••ntuiii  over 
itH  rosi,staiic<'  wImii  <<»ji|m  i»<|. 

Tlic  cxiMMMiiKiits  also  allow  tin-  <l<-t<'rriiinaf ioii  ti»  !»«•  inaiji-  <«f  tli*.- 
power  of  tlic  >|H'(<I  in  wliirli  ilie  n-sistainv  of  the  liiill  iiuiejistil  for 
flic  intervjil  l)et\vct'ii  tlic  extreme  experimental  >|MMi|.s  «»!'  5»-.').'J46  (ex|KT- 
iiiu'iit  yliaiid  lO"4I!tn  (cxp<rimciit  />)  ^e<»^rapliic:»l  iiiiK-s  jwr  hour. 
For  this  purpose,  the  mean  of"  the  sjM'cds  an<l  of  the  corres|»on<lini; 
resistances  of  the  hull  in  cxp<'rin)ents  A,  <'an«l  'r,  in  which  the  s|mii1 
«lit|  not  \arv  eiiiMii:li  to  si-iisildv  influence  the  result,  aill    Im-  tal\«'n  for 

one    speed  ;   the    mean    of  the   speeds  and  of  tli •rre^poudinir  n-^i-t- 

ances  (»f  the  hull  in  experiments  //.  /'.'ami  /•',  in  which  the  *|km-<|  did 
not  vary  eiiouL:h  to  sensihly  inllueiiec  the  result,  will  Im»  taken  for 
another  sjieed  ;  and  the  s|»ecd  and  resistan<-c  of*  the  liidl  in  cx|M-rim«nt 
/>  will  U'  taU«'n  for  the  last  speed.  The  rj-sistanc-o  of  the  hull,  line 
I,  in  exp<'rimcnts  /-'and  fi,  durinir  which  the  liull  w.'ts  cop|M'reil.  will 
\iv.  ('(plated  tor  those  in  the  n'lnainint;  five  cx|H*riments  dtiriiii;  which 
the  hull  was  un<-op|M'red,  l>y  multi|>lyin<j  them  l>v  tin-  ]\'2'>'.\7'2  in  the 
imme«liat«'ly  prccediiii:,-  parai^niph. 

The  mean  speed  of"  e\p»'rinieiit.s  .1,  ^'and  (•'  was 

I =i;»M).jo}s  jjeo«;i-:ip|iic:i|    milts    jwr    hour; 

an«l  the  iiitan  corre>|>nudin;;  resi>tanc<'  of  the  hull  was 

/ iGr)()-{ni2.'>+i688-(j7;u-f  rr)80-22iji     1  r_  kmJ    \   ,-   .      ._  ,. 
( ^- =1   1  ((>♦;•( K»_'7  lii!». 

The  mean  speed  of"  experiment.^  /»',  A' and  I' \\a> 

/10(){)74  +  10-1929  +  0-0;UK>      \, ,,.,,-..,  ,•    ,      i  , 

I =  I  lU(>ib4  ^eognipfiicjil  mile>  |Kr  hour. 

and  the  mean  eorre«:pon<lin^  resistan«>«'  of  the  liiili  was 

/I8r)iu.j75  i  iiiuitaiiia  ,  m4a-82a4'.u-i2oa72_\  j^7,,.j,.{,,  |,,^ 

TIk-  speed  of  experiment  /'  w:u?  l()'4UM)  ^*<»;;niphi«":il  miles  jkt 
hour,  and  the  con-e-pitiidiiiir  roistam-e  of  the  hull  w:us  lli7(i')17(> 
poiind>. 

The  experiment-  with  the  closely  approxiuiatiiii;  sjk>c«Is  have  iMt-n 
gn»u|)ed  and  their  mean  results  tak<n,  Ik«-:iusc  the  irnater  the  niimU-r 
of  ol)-«rrvation>-  imludt-tl  the  nearer  aiviiratc  is  the  final  determination. 

From    the   ahove   apiH'ai-s  it  that  the  n.'sistuntv  of  the  hull  for   the 
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iiierea.se  of  s])eed  from  9"(Jo()8  to  10  07(34  geographical  miles  per  hour 
was  in  the  ratio  of  the  2"0590  power  of  the  speed.  Had  the  re.sistaiiee 
for  the  speed  of  10*0764  miles  been  1865'1949  pounds  instead  of 
1870*1 139  pounds,  it  would  have  increased  exaetlv  as  the  square  of 
the  speed;  the  difference  of  4*9190  pounds  is  only  0*0026  per  centum 
of  the  experimental  resistance  in  excess. 

There  also  appears  from  the  above  that  the  resistance  of  the  hull 
for  the  increaiiC  of  .speed  from  10*0764  to  10*4190  geographical  miles 
per  hour  was  iu  the  ratio  of  the  l*o646  ])ower  of  the  speed.  Had  the 
resistance  for  the  speed  of  10*4190  miles  been  1999*4435  pounds 
instead  of  1970*5470  pounds,  it  would  have  increased  exactly  as  the 
square  of  the  speed;  the  diiference  of  28*8965  pounds  is  only  1*4661 
per  centum  deficit  of  the  experimental  resistance. 

Finally,  there  appears  likewise  from  the  above,  that  the  resistance  of 
the  hull  for  the  increase  of  speed  from  9*6368  to  10*4190  geographical 
miles  per  hour  was  in  the  ratio  of  the  1*8472  power  of  the  speed.  Had 
the  resistance  of  the  speed  of  10*4190  miles  been  1994*1875  pounds 
instead  of  1970*5470  pounds  it  would  have  increased  exactly  as  the 
square  of  the  speed ;  the  difference  of  23*6405  pounds  is  only  1*1997 
per  centum  in  deficit  of  the  experimental  resistance. 

It  is  obvious  that  the  slight  differences  found  between  the  experi- 
mental resistances  and  what  these  should  be  according  to  the  ratio  of 
the  squares  of  the  speeds  are  so  small  that  they  may  be  fairly  attributed 
to  errors  of  observation  and  assumption.  In  fact,  the  data  evidently 
cannot  be  relied  on  as  to  any  greater  accuracy,  and  the  conclusion  is, 
therefore,  warranted  that  within  the  experimental  speeds  the  resist- 
ance of  the  hull  of  the  Lookout  at  different  speeds  varied  as  the 
squares  of  the  speeds. 

In  ex})erimenting  with  different  propellers  for  the  purpose  of  ascer- 
taining their  relative  economic  merits,  that  is  to  say,  the  relative  per 
centage  which  they  apply  to  the  vessel  propulsively  of  the  power  they 
receive  from  the  engine,  care  should  be  taken  that  in  every  experi- 
ment the  same  speed  of  vessel  be  maintained,  which  equality  elimi- 
nates all  question  as  to  the  law  of  variation  of  resistance  of  the  hull  in 
function  of  its  speed.  If  that  resistance  increase  as  the  squares  of  the 
speeds  then  the  accuracy  of  the  results  is  not  affected  by  variations  of 
the  vessel's  speed  because  the  slip  of  the  same  propeller  Mould  remain 
constant  at  all  speeds,  the  reaction  it  obtains  from  the  water  varying 
always  as  the  square  of  its  revolutions  in  equal  time.    But  if  the  resist- 
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ance  of  the  vessel  increase  in  a  liiiilier  ratiii  tlian  the  xpiare  nf  the 
«j)eed,  then  tlie  slip  of  the  same  ju'opeller  wonld  l>e  |»i.ip<irtionally 
jj:;reater  at  Iiit::liei- than  at  lower  speed-  <.f  tin-  ves.s«'l,  and  tin-  pnipeller 
ex|)eriniente(l  with  at  hitiher  speed  would,  relatively  to  another  e.\|»eri- 
niented  with  at  lower  spee<l,  j^ive  a  less  eeononiie  result  than  if  it  were 
ex|)ei-iniente(l  w  itii  at  I  hi- same  >pcfd.  At  tie- higher  speed  then- woidd 
he  j)roj)ortionallv  more  power  expi.'uded  in  the  slip,  and  eonsetpicutly 
more  [)ower  expended  in  uvereominii-  the  resistanec  of  the  water  to  the 
.siu'fuce.s  of  the  propeller  moving:;  in  it.  In  othi-r  word-,  at  the  higher 
speed  of  vessel  the  same  pro|)elIer  will  apply  to  it  propul>ively  a  less 
])ereenta<>;e  of  the  ])ower  received  from  the  en<;ine  than  at  the  lower 
.speed,  if  the  resistance  of  the  vessel  increase  in  a  hii^her  ratio  than 
tlie  square  of  its  speed. 

Asstnuiuii;,  in  the  ease  ol"  the  ex|)ei-iments  with  the  screws  of  the 
'Miookout,"  tiiat  the  resistances  of  the  vessel  at  the  ditVerent  speinls 
varied  as  the  square  of  tiiose  speeds,  an  a.ssuinption  warranted  l>y  the 
experimental  results,  the  lollowim;  would  he  the  resistances  of  theco|>- 
])ered  vessel  for  a  sj)eed  of  10  ;rt.oo;rai)hical  miles  per  hour,  <le<luced 
from  the  exj>erin>ental  resistances  at  the  experimental  speeds  in  the 
ratio  of  the  s(juai"es  of  the.se  s|)eeds  to  the  sipiare  of  10: 

Screw.  Ke>ist:iiuc  (it  vt-ssi-l  in  puuiuls  at  ](»  niilis  jxr  Imiir. 

A  ...  i(;i;]-7.s 

li  .  .  1<;U'24 

€  ...  I(;ijc2.s 

i>  .  .  .  i<;i;j-o2 

E  .  .  .   Hi'MWC} 

F  .  .  .  ]<)t)4Mm 

c  ...  i(;(;2-54 


Mean,  1(J;]1 -JS 

In  the  ahovc  determinations  the  experimental  resistances  with 
screws  A,  11,  (',  1>  and  K  have  heen  reductnl  in  the  ratio  of  1'12">.'}72 
to  1,  as  the  ve.'isel  in  tho.se  cases  was  not  coppereil,  that  ratio  expresi- 
in«>;  the  ellect  of  the  copperini;. 

An  examination  of  line  2."},  Tahle  No,  2,  shows  that  .screws  11,  (  ,  1> 
and  A' had  the  highest  eeonomic  eHiciency:  also,  that  their  ei'onomic 
residts  were  .sensibly  the  same,  as  they  all  aj>j)lied  jiropulsively  to  tlu' 
'H)H'Oj)pcir<l  yvssvl,  70  per  <vntum  o|'  the  net  hor,<es-power  devt'lo|H'<l  hy 
the  engine,  that  is   to  .say,  70  per  j-entnm  ot'  the  power  applii**!  to  the 
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crank-pin.  And,  if  tlie  proper  correction  be  made  for  the  diminution 
of  tlie  vessel's  resistance  due  to  coppering,  these  screws  would  iiave 
usefully  applied  to  the  coppered  vessel  71'3117  per  centum  pf  the  net. 
horses-power  developed  by  the  engine.  Now,  screws  B,  C,  D  and  E,, 
though  having  the  same  diameter  and  number  of  blades,  varied  largely 
in  pitch  and  in  the  fraction  used  of  the  pitch,  the  pitches  being  7"500y 
7"500,  8*625  and  9  feet,  and  the  respective  fractions  usc<l  of  tiiese 
pitches  being  0-5283,  0-2703,  0-1994,  0-3549,  showing  that  for  a 
given  diameter  the  pitch  and  fraction  used  of  the  pitch  nuiy  vary  con- 
siderabl}^  Avithout  affecting  the  economic  performance  of  the  screw.. 
This  arises  from  the  fact  that  the  losses  of  useful  effect  by  the  screw 
are,  1st,  that  which  is  due  to  its  slip,  and  2d,  that  which  is  due  to  the 
resistance  of  the  water  on  the  surface  of  its  blades;  including  in  2d 
the  direct  resistance  of  the  forward  edges  of  the  blades.  And  that  the 
1st  loss  cannot  be  diminished  without  the  2d  loss  being  increased, /Ja;"^ 
passu  and  vice  versa.  The  slip  depends  on  the  ]>roportion  of  the  act- 
ing surface  of  the  screw  in  a  given  time,  relatively  to  the  resistance  of 
the  vessel,  and  can  only  be  lessened  bv  adding  more  of  such  surface, 
which,  with  a  given  diameter  of  screw,  can  be  effected  by  either 
diminishing  the  pitch  or  increasing  the  fraction  used  of  the  pitch* 
But,  as  the  loss  by  the  resistance  of  the  water  on  the  screw  surface  is- 
in  direct  proportion  to  that  surface  multiplied  by  the  square  of  its 
velocity,  any  increase  of  the  acting  surface  is  necessarily  accompanied 
by  increased  loss  due  to  this  cause.  The  two  kinds  of  loss  are  found 
experimentally  to  be  so  balanced  in  nature  that  within  very  consider- 
able limits  whatever  can  be  diminished  of  one  kind  is  attended  b\'  an 
almost  exactly  equivalent  increase  of  the  other  kind. 

Screw  G  applied  to  the  coppered  vessel,  and  having  the  same  diameter 
as  screws  B,  C,  D  and  E,  with  the  pitch  of  7-9  feet,  which  lies  wMthin 
the  limits  of  their  pitches,  gave  a  utilization  of  69-8750  per  centum  of 
the  net  power  develo)>ed  by  the  engine,  instead  of  the  utilization 
71-5117  per  centum,  that  w-ould  have  been  given  by  those  screws  had 
they  been  applied  to  the  coppered  vessel.     This  shows  an  inferiority  of 

/71-3117— 69-8750x100     Xom^T  ,       f  r*      i  -  i 

I =  I   2*014^  tier  centum  tor  screw  Lt,  avIiicIi 

V  71-3117  /  ^ 

is  probably  owing  to  the  excessive  fraction  used  of  its  pitch,  namely;, 
0-5736,  the  largest  fraction  used  in  the  cases  of  screws  B,  C,  1)  and  E 
being  0-5283.  The  increased  power  required  to  overcome  the  resist- 
ance of  the  water  to  the  surfaces  of  screw  G,  owing  to  the  increased 
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TAHI-K  Xo.  -2.  t'oNTAiMNc;  iiik  DrsTRiiirTioN  nv  TiiK  Piston  Pri:ssi|.|:s  and  of  tiii-:  iNriKvvrEii  Hoiisks-Powki!  miRiNo    riiK  Exi-EitniEN'rs  made  in  1,s80,  in  the  Pv ...   .„,  , >  .....^ 

Ill;  l''isii  (  'ommission'is  Steamei;  "  Lookott,"  foi;  the  Puhpose  of  AscKUTAiNiXd  the  Best  Pi.'oimki'ions  of  Sci;ew  foi;  i'iiat  V'essei-. 


Kxi;iNKKi!s  with   iiii-,  1)ifffi;i;nt  Scimow  Propellkiis  Ai'i-ukh  to  ih 

ic  iirps.smvs  tlial  would  have  be(>n  upon  tlu-  pisi „ „^  ^^ ,.  ,.„„  ^..^  ,„co.,u.„  ..,,.,..  ^^ 

vliiidcr,  iiiul  tlu'  ijiumtities  tluis  olitaiiu'il  ndiUd  li>  llic  observed  pressures  on  the  piston  of  llie  hirj 


IE  POIOMAI     RiVKI!,   IIV   A    HoAliHOF   I  iNri'El)  StATKS  NaVAI 

IE 

of  the  small  eylindev  heen  iviIuitiI 


The  piston  pressures  in  this  lahle  are  the  jiressures  that  would  have  be(>n  upon  the  piston  ot  the  large  cylinder  had  the  pressures  upon  the  piston  of  the  small  eyiindev  lieen  iviiueeil  in  llic  nilin  .>f  ilic-  nel  :ii-ea  of  the  piston  of  the  large  eyiiuder  U> 
the  net  area  of  tln>  ])istou  of  I  he  small  i-y  Under,  and  the  quantities  thus  ohtaiueil  ndded  lo  Ihe  observed  pressures  on  the  piston  of  the  lar^e  eylinder.  The  capital  letters  iii  the  lira.l  of  Hie  <-olunins  in  Hi  is  table  designate  the  same  experiments  as  are 
given  in  the  i-olumns  of  'I'Mbl,.  N,>.  I,  with  tlic  same  letter  lieadiiigs. 


13 
14 


19 

20 


2.'{ 
24 


f  Wist)  feet,     . 

it  the  screw  made  per  minute, 


Date  of  expi-riments, 

Speed  of  the  vessel  per  hour,  in  geographical  milt 

Sli])  of  the  screw,  in  per  centum  of  its  speed. 

Thrust  of  the  screw,  in  pounds, 

Doulile  strokes  of  engine's  pistons,  and  revolutioi 
I  Indicaled  pivssure  on  Hie  iiiston,  in  pounds  ]ier  scj 
I  Pjvssuiv  i'ci|uiied  lo  work  tlie  engine,  jk  r  sc,  in  ]ioiiiiiin  ]ier  s(|uare  inch  of  piston. 

Net  jiroMiie  nppliid  f"  I  In-  rr;iiik]ii  n,  in  |ioiinds  per  M|Uareincl(  of  piston, 

I  Pressure  ;i I i-iH-li''^l  l>\-  liir  iVic-li <\'  the  load,  in  poiiinls  per  square  inch  of  piston, 

■]  J^ressuir  .  xpi  udi  '1  ill  M\  rn  .iiiiiii;;  Hie  ii-~ist;aire  (.1  tlic  water  to  tlie  surface  of  the  1 
screw  blades,  in  pounds  per  sqiiaie  inch  of  pist(.n.  ;  .  .      i 

Pressure  expended  in  the  slip  of  the  screw,  in  pounds  per  square  incli  of  piston, 
!  Pressure  expendeil  in  the  jiropulsiou  of  the  vessel,  in  pounds  per  square  inch  of  1 
jiiston,       ........  i 

I  Indicated  horscs-]iower  developed  liy  the  engine,         .... 

j  Hiirses-|iower  exiicnded  in  working  I  1h- engine, />("/•  w,     . 

>'et  horses-power  aiqilieil  to  the  .rnnkiiiii, '.  .... 

!  Horsesqiowcr  absorbed  Ijy  the  friction  of  the  load, 

I  Hor.sesq.owci-  cxjn  iided  i'n  overcoming  the  resistaiici- of  the  water  to  the  surface  i 
of  tlir  >,ivw  blades,  ......  I 

I  H<n-ses-|,.i\\,  I- expended  in  the  slip  of  the  screw,         .... 

I  Hor.ses-jiciwcr  exiiended  in  the  propulsion  of  the  vessel, 

I  Per  centum  of  the  net  horses-power  applied  to  the  crankiiin,  absorbed  l)y  the  I 
friction  of  tlie  load,  ......  J 

Per  ceiilum  of  the  net  horses-power  applied  to  the  crankpin,  expended  ill  over- 1 
!  coming  tbcresistauce  of  the  water  to  the  .surfac  of  tlie  screw  blades,  I 

1  Per  eenfuin  of  the  net  horses-power  applied  to   the  crank|iin,  expended  in  the  I 
I  slip  of  the  screw,  .  .  .  ■    ■  ■  •  -I 

I  I'er  centum   of  the   lu't   horses-power  applied   to  the  crankpin,  expended  in  the  I 
I  pro|iiilsion  of  the  vessel,  .  .  .  •  ■  •  ,.•  * 

Relative  economic  etticiencies  of  the  screws,  expressed  by  the  (luotient  of  the  di-  i 
vision  of  the  cubes  of  the  speeds  ilineM)  by  the  net  bor.ses-power  applied  to  ^ 
the  crankpin  (line  15), 

Quotients  of  the  division  of  the  quantities  on  line  S^  iiy  those  on  lii 


■24, 


Hull  not  coppered 

Hull  coppered. 

A 

B 

C 

D 

E 

F                              G 

.Tanuarv  IH,  2n&l!l. 

March  2(1,  20  &  HO. 

.lanuarv  7,  10  ALT 

A|H-il  1,2&3. 

.lune2:i,  2i;A  2K. 

October  19  A  20.      September  24  &  25. 

'  !C.'5H4li 

10-0H74 

0-0204 

10-4100 

111-1920 

9-!):!90                            9-7493 

:;-4--H(7:; 

18-0772 

1,S-|I43H 

20-1. '-,42 

17-97:19 

21-9020                          12-7150 

Ki.jO-SWL'.") 

l.S51-oa7.> 

loss -07:14 

1070-r,47O 

1900-:i9l:i 

1043-82:14                       1580-22G1 

l.'>li-:iOS5 

loS-lilSS 

1.5S-,S.5«0 

i.-i;',-4om 

UOITiOO. 

143-'>402                         14:i-4125 

21-'J!I« 

2:-!-oo:!s 

20-47!)3 

2.-, -Si  104 

20-,SO9O 

23-1011                          21-3831 

:;-71(>4 

2-7104 

2-7104 

2  7101 

2-7104 

2-71(14                            2-7164 

]))-l!i8'J 

20-2S74 

17-7029 

2:vl740 

240920 

20-0847                             18-6667 

l-439r, 

1-.J210 

l-:i:i22 

l-7.-,S0 

1-8009 

1-5514                             1-40IKI 

1-1.537 

2-2'')22 

1  -2704 

1-0014 

1-7154 

1-4241                           2-:!2:!:i 

4-or>i,s 

2-2.".S(; 

2-7:;rir. 

4-100,-i 

:i-097:i 

3-8803                           1-91HIU 

12-o4H() 

14-2.-»0 

12-424,s 

10-244.S 

i«-87;io 

13-8199                           13-04:!4 

,S4-4804 

il2-700ll 

.s"-:).")7:! 

I00-.'jS12 

H-)-0480 

85-0341                           77-6320 

1(1-47^7 

ll|-047"i 

lo-02:«P 

lo-r,.s29 

H-();i07 

9-8707                            9-S62(t 

74*0067 

si-7r,iri 

7l-4:«4 

00-02,S.'! 

85-4182 

75-1634                          07-7700 

.J-.5505 

(i-l:;21 

.■)-:i57r) 

0-7.')21 

0-4004 

5-0373                            5-0827 

4 -448:; 

0-0707 

."rldSH 

4 -2398 

(1-0810 

5-1748                            S-4348 

.-     ..,.^r 

0-102-') 

11 -nous 

ir)-9291 

l:i-lOH4 

14-13-28                            6-8982 

4.S' 38.^4 

.-,'7 -4 -.02 

40-0002 

o:i-107;'. 

.■">9-8218 

50-2185                            47-;i543 

7-.'5()00 

7-50011 

T-.-pOOO 

7-:'illOO 

7-.'iOOO 

7-51100                              7-500(1 

«-ni07 

11-1014 

7-1  •"i20 

4-7094 

7-1  lOH 

(i-,SS47                           12-4462 

l!l-101l(> 

ll-i:«o 

15-41101 

I7-OI«4 

l.v:i402 

18-8028                          10-178*1 

Il."i-:i7!l7 

70-20.'jll 

09-0470 

70-0972 

7o-ii:i4o 

06-8125                             09-8750 

11-71 22 

12-.'iU40 

12-4.S.SO 

12-r,o:i2 

12-:i97K 

13-0024                             13-6733 

...«.-.. 

.-1-0100 

.-,-0012 

.)-5790 

.■)-(i40s 

5-1149            j                5-2193 
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fraction  u.-e<l  of  its  pitdi  over  the  lar<j:(<t  f'ra<-tion  used  with  screw*. 
B,  C,  D  aiul  J'J,  was  probably  greater  than  the  le:~sene(l  power  expended 
in  the  lessened  slip  consequent  on  the  use  of  that  greater  fraction  of 
the  pitch. 

Screw  A  applied  to  the  nncoppered  ves.sel,  and  screw  F  applied  to 
the  coppered  vessel,  having  very  nearly  the  .same  diameter  and  frac- 
tion used  of  the  pitch,  i)Ut  j»itchesof  resi)ectively  8-4  and  U'O  feet  gave 
the  same  utilizations  when  that  of  screw  .-1  is  corrected  for  the  greater 
resistance  of  the  nncoppered  vessel,  showing  tlie  ditJ'erence  of  the 
pitches  not  to  have  affected  the  economic  results.  The  utiliziitions  of 
.screws  A  and  F,  when  equated  for  the  resistance  of  the  copj)ered  vessel,, 
are  G6"8  per  centum  of  the  net  power  developetl  l>v  the  engine,  conse- 
(piontly  these  two  screws  of  4*5  feet  diameter  are 

/71-;iil7— 60-8000 X 100     \   ,,  .^,.,.-  ,        •  r    •      .    ♦!     r  .... 

I =1   iy'olht  per  centum   nitcn<»r  to  the  tour 

V  71-3117  / 

screws  B,  C,  D  and  E  of  5  feet  diameter,  the  pitches  and  fractions 
used  of  the  pitch  of  the  former  lying  within  the  limits  of  those  of  tiie- 
latter.  This  inferiority  is  caused  wholly  by  the  smaller  diameter, 
whereby  the  loss  of  u.seful  effect,  due  to  the  greater  slip  resulting  from 
the  less  acting  surface  of  .screws  A  and  F,  more  than  counterbalances- 
the  gain  due  to  the  less  resistance  of  the  water  to  the  le>s  acting  sur- 
face of  those  .screws.  The  utilizations  of  screws  A  and  i-'cduld  doul»t- 
less  have  been  much  increased  had  the  fraction  used  of  their  pitch 
been  increa.sed  from  about  one-third,  which  it  was,  to  one-half;  or,, 
had  their  pitch  been  decrea.^ed,  retaining  the  same  fraction  of  pitch. 

The  quantities  on  line  24  of  Table  No.  2  shows  relatively  the  utili- 
zations of  tlie  ditferent  screws,  when  the  compari.<on  is  made  directly 
by  dividing  the  cubes  of  the  speeds  (line  2i  by  the  net  horses-p<»wer 
developed  by  the  engine  (line  I ')).  The  (piantities  on  line  24  are  the 
quotients  of  such  divisions,  and  have  virv  nearly  ihe  same  jtrojxir- 
tions  to  each  other  as  the  quantities  on  line  23 — considering  the 
experiments  with  the  nncoppered  vessel  .separately  from  tlio.<e  witli 
the  vessel  coppered — as  appears  from  the  quantities  on  line  25,  which 
are  the  quotients  of  the  division  ot'  those  on  line  2."i  i>y  those  on  line 
24.  The  ecpiality  of  the  latter  quotients  proves,  1st,  that  the  ili.-.iri- 
bution  of  the  jmwer  in  the  ditferent  experiments  as  given  in  Table  2. 
lines  13  to  23,  both  inclusive,  is  eorrect ;  and  2d,  that  no  diflerentv  iiv 
the  utilizations  results  from  the  dirtereiice  in  the  metals,  cast-iron  and 
cast-brass,  of  which  the  j^crews  were  made.     The  only  difference  that 
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could  have  resulted  would  have  been  due  to  the  different  surface  tex- 
tures of  these  two  metals,  whereby  the  resistance  of  the  water  per 
unit  of  their  surface  might  have  been  different. 

These  experiments  show  what  many  others  have  sliown  when  pro- 
perly interpreted — that  the  utilizations  of  screws  of  different  projior- 
tions  of  diameter,  j^itch  and  fractions  used  of  the  i)itch,  and  of  differ- 
ent outlines  and  inclinations  of  the  blades  ajDplied  to  the  same  vessel, 
vary  very  little  unless  extrejne  vai-iations  of  .dimensions  are  resorted 
to.  The  outline  and  inclination  of  the  blades  appear  to  be  absolutely 
without  effect  upon  the  utilization,  which  is  controlled  entirely  by  the 
diameter,  pitch  and  fraction  u.sed  of  the  pitch. 

The  experiments  show  also  that  the  method  of  distributing  the  indi- 
cated horses-power  developed  by  the  engine,  originally  devised  and 
long  practiced  by  the  writer,  is  correct,  and  that  by  its  means  the 
important  question  of  the  resistance  in  pounds  of  the  hull,  pc?-  .s^',  of  a 
vessel  at  a  given  speed  may  be  ascertained  indirectly  quite  as  accurately 
as  by  the  direct  application  of  a  dynamometer. 

The  true  performance  and  distribution  of  the  power  of  the  Lookout 
with  her  bottom  coppered,  when  proj^elled  by  screw  E,  deduced  from 
:all  the  experiments,  is  as  follows  for  the  speed  of  10  geographical 
miles  per  hour,  the  slip  of  the  screw  being  16  per  centum  of  its  axial 
velocity  (product  of  revolutions  and  jiitch);  the  number  of  its  revolu- 
tions, 134*1711  per  minute;  the  indicated  pressure  on  the  piston  of 
the  large  cylinder,  23*41 75  jwunds  i)er  square  inch,  that  cylinder 
being  supposed  to  be  used  alone;  the  thrust  of  the  screw  or  resistance 
of  the  hull,  1631*28  pounds,  as  herein  determined;  the  indicated 
horses-power  developed  by  the  engine,  79*53U3,  and  the  pressure 
required  to  work  the  engine,  per  se,  2*71 64  pounds  per  square  inch  of 
the  piston  of  the  large  cylinder  alone. 

Distribution  of  the  Power. 

TT  Per  cent,  of  net 

Horses-power.     , 

^  Jiorses-power. 

Indicated  power  developed  by  the  engine,        .  .  79*5393 

Power  expended  in  working  the  engine,  per  sc,        .  9*2265 

Net  power  applied  to  the  crank-pin,  .  .  7()-3128        or       lOOOUOU 

Power  absorbed  by  tlie  friction  of  the  load,                 .  5-2734  "  7-5000 
Power  expended  in  overcoming  the  resistance  of  tlie 

water  to  the  surlace  of  the  screw  blades,        .  ,     5-3474  "    "  7-6051 

Power  expended  in  the  slip  of  tlie  screw,                    .  9-5507  "  13-5832 

Power  expended  in  the  propulsion  of  the  vessel,  .  50-1413  "  71-3117 


Totals,  70-3128       or       lOO-OOOO 
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I>J.S(  I  S.SI(>\ 

( )j  Ihr  I'uj/n-M  of  C.  I\  Sdiidhcrf/  on  *'  lini/  SpecifiratioiiM  and  Rail 
Imtpediun  in  Juiroj/e,^^  of  C.  J*.  Dinl/rif  on  tin-  "  Wmrinfj  Cajiacifi/ 
of  Sled  Rail)*  in  Rr/dfian  to  their  Cheniicul  Coinj/ottition  (ind  Rltyn- 
iral  Rroj/ertioi,^^  (iml  of  A.  L.  llolley  on  '^  Jiftil  Rfttterntu,"  tit  the 
/'/ii/<i(le/j)/tia  Meetinf/  of  the  American  hmtHnte  of  Mininy  Enrjincergy 
hi/(l  ((I  Ihr  Frdnhlin  Inxtitiili\  February  Htlt,  JSS/. 
(ConlimitHl  tVoiii  psige  '.i>>.  i 


W'li.ii.wi  Mkhalf,  Pittslmr^f,  I'a. :  In  rising  to  tlis<'iis-  I»r.  hiid- 
li'V 's  pajtcr,  1  tl'd  somcwliat  its  I  did  at  tlio  I>altirin»iv  intLtiiii; — 
tliat  ii  **  cnicilde"  man  lia^  no  ri«^lit  to  iiitcrtViv  in  a  "  lJ«>^Mnni" 
di.scn.s.si()n  ;  vol  liavini;;  read  the  |>a|»'r  very  <-aivt'ully,  I  t»t|  iMi)Mlh-«l 
to  .siiy  soinotliinj;,  i'or  two  reasons :  First,  Iwcjuise  1  Inlit-ve  Dr.  I>nd- 
ley  is  entirely  on  the  ri^lit  track,  and  liavinj;  undertaken  and  partly 
{uroniplislied  a  ^re:it  work,  he  is  entitled  to  the  hel|>  of  all  who  have 
experience  In  tJK'se  matters;  and  >e<'on<l,  hccau-c  the  (hita  ^iven  t'or«v 
ine  to  concur  in  Captain  .lont-'  opinion  that  the  analyses  are  incimi- 
plete,  since  they  i;:;nore  >nl|)linr.  ii.ppcr.  nitroi^t-n.  and  pn^>il»lv  other 
injurious  elements. 

in  an  experience  ol'  fourteen  years,  and  with  j»rol»al»Iy  more  than  a 
Inuulred  test.s,  we  have  never  found  the  chemistry  autl  the  phy-io  of 
crucible  steel  to  disi^ree.  \['  In  any  (Use  a  ilisa<:;r»'ement  has  appeared, 
it  ha.s  been  our  invariable  custom  to  <^u  all  over  our  physiud  tests  with 
y;reat  care,  and  if  \\v  found  no  erri»r,  then  to  refer  the  matter  back  to 
the  chemist,  who  has  invarial)Iv  tound  some  unexjMx*te<l  eleinetit  to 
accoinit  lor  the  trouble. 

It  is  only  just  to  the  cheinlst  to  siy  hi-re,  that  ordinarily  he  i-^  only 
expected  t<»  determine  phosphorus,  silicon  and  sul|>hur.  (ienendly  the 
metals,  with  the  exivption  of  man<;anese,  are  not  hntkiHl  for,  althoujrh 
a  watch  is  usually  kept  for  coj>per  and  arsi-nic.  Further,  in  m«»st 
cases  we  have  found  our  own  work  more  liable  to  1h'  faidty  than 
the  <hemist's. 

Haviiii:  arrivi'd  then  at  >ueh  a  «U'iiree  of  experience  that  we  ran 
predict  the  analysis  from  our  tests,  (»r  our  tots  from  the  analysis,  with 
almost  absolute  certainty,  I  c:in  siv  no  ivason  why  the  s;ime  results 
may  not   be  attained   in  the  Ilesseiuer  j>ractiee.     l^it   two  things  are 
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•essential,  neither  of  which  we  have  here;  first,  complete  analyses;  and 
second,  a  record  of  the  nature  of  the  blow,  the  heat  at  which  the  ingots 
were  bloomed,  and  the  rails  finished, — in  short,  a  complete  history  of 
the  manufacture. 

This  latter  is  quite  as  essential  as  accurate  and  complete  analyses. 
Dr.  Dudley  ignores  sulphur  and  copper  on  fair  enougl^  grounds  com- 
mercially speaking,  but  when  he  announces  so  grave  a  conclusion  as 
he  has  reached,  in  a  scientific  way,  the  omission  of  any  elements  that 
may  affect  the  conclusion  is  hardly  justifiable.  His  differences  of  phos- 
phorus units,  which  I  must  term  units  of  rottenness  as  far  as  phospho- 
rus is  concerned,  and  which  I  am  sorry  he  did  not  name  "  Units  of 
Al/oys," — are  very  small,  and  if  sulphur  and  copper  had  been  included 
they  might  have  upset  his  conclusions  altogether.  The  omission  of 
nitrogen  is  not  to  be  criticised  in  the  same  way,  because  it  has  not  been 
usual  to  regard  nitrogen  in  testing  steels,  yet  I  am  forced  to  believe 
that  nitrogen  plays  a  very  important  part  in  Bessemer  steel. 

We  liad  occasion  recently  to  test  some  of  the  finest  Bessemer  steel 
that  is  made,  in  order  to  ascertain  how  far  the  Bessemer  people  were 
encroachinp;  on  the  domain  of  the  crucible  steel  manufacturers.  In  the 
accompanying  table  are  the  analyses  of  the  Bessemer  steel  referred  to, 
two  samples  of  the  very  best  foreign  crucible  steel,  and  one  of  the  best 
American  crucible  steel. 


Kinds  of  steel. 


Carbon. 


Bessemer 0*400 

i^oreign  crm-ible -        o  CfQ 

American  crucible 0'960 


Phos- 
phorus 


0027 
0020 
0005 
0021 


Silicon. 


0003 
0-009 
0-007 
0-033 


Sulphur. 


Manga- 


trace. 
trace, 
none, 
trace. 


Copper. 


0-050 
0  077 


00013 


All  three  of  the  crucible  steels  were  of  exceptionally  good  quality. 
It  will  be  observed  that,  according  to  the  analysis,  the  Bessemer  steel 
should  have  been  equally  good.  Upon  a  careful  test  of  an  O'SO  carbon 
billet  it  proved  to  be  thoroughly  worthless. 

The  case  was  then  referred  to  Professor  Langley,  and  he  attributed 
the  trouble  to  oxygen,  and  predicted  that  if  we  would  melt  a  0*40 
carbon  billet  with  a  little  ferromanganese  to  remove  the  oxygen  and 
bring  up  the  carbon  to  0'80,  and  also  give  a  little  more  silicon  which 
the  steel  would  take  from  the  crucible,  that  we  would  have  a  steel 
equal  to  the  others  given  above.     To  be  sure  of  our  work,  we  melted 
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the.  WilU't,  the  aiiiilysis  of  wliidi  is  <^iv»'n  aWovr.  atnl  |>r<»(liic<il  an  iii;^Mt 
of  about  0*80  c*arl)oii,  as  noar  as  tlie  eye  cuiiM  (Ittfniiiiif,  ami  tliat  is 
Avitliin  'O']  in  such  hi^h  steels.  Tlie  rcineltcd  Ikssenier  steel  wxs  just 
as  IkkI  as  the  other,  and  of  this  we  asi^ul•ed  our.sclveij  by  the  most  care- 
ful and  repeated  tests. 

Now  we  kn<nv  oxygen  wits  not  the  cause  of  the  fault,  for  if  it  had 
bwn,  th<'  ferronian<ranese  would  hav*?  reni()ved  it.  In  the  ]Jc.s<enier 
manufacture  ininuiisc  volumes  ot"  nitroircn  are  blown  throut^h  the 
luoltou  mass,  and  b\-  the  e\ideiicr  of  all  the  nio-t  eminent  chemists 
\\\\t\  have  exMmine<l  the  subject,  we  know  that  nitr<iLr<'n  docs  unite 
with  iron,  tJiat  the  com])ouMd  is  brilliantly  lu>trous,  hard,  britth.-,  and 
<}veii  friable,  and  that  it  will  harden  like  steel.  We  al>o  know  that 
there  is  a  pectdiar  lustre  in  all  Ik'ssem<'r  steel,  whi<'h  makes  it  easilv 
ilistinujuishable  by  an  expert  from  crucible  or  open-hearth  steel,  pro- 
vi<lcd  none  of  them  have  b(?en  ovcrheat«'(l.  Is  it  not  more  than  prub- 
ai)lc,  then,  that  nitroiicn  is  eiitith-d  to  tar  more  >cri<»u<  attention  than 
it  has  yet  rcceive(I ".' 

l)r.  i)udlcv  classes  <'arbon  with  |»lios|»horu>,  >ilienii.  and  iiiauLranese 
in  making  u])  \\\>  unit.-,  anil  lie  may  l>e  correct  in  hi-  make-uji  in  his 
relative  values  of  each,  but  1  caiuiot  set-  how  he  has  proved  his  fur- 
mida,  nor  how  it  is  to  be  dis|>rovcd  with  our  j)rcseut  knowJed<re. 

While  maintainiiii::  that  carbon  in  steel  is  the  ijreat  friend  <»f  the 
nianufactuivr  and  the  oidy  tit  alloy  of  inm,  I  nui<t  admit  that  when  it 
is  present  in  »piautity  with  pho-phorus,  silicon,  mauLranese.  or  -ulphur 
in  «juantity,  it  \itali/es  and  makes  more  active  all  of  the  ba<l  <pialitie- 
of  tJiese  elements,  and  thei-efore  if  l)r.  huilley  must  have  the  tpianti- 
.ties  of  these  element.s  in  his  rails  which  he  permits  in  his  formula,  \\*' 
is  (piite  rii:;ht  in  sayiui^  that  the  softest  rails  ou;xht  to  wear  the  bc-t. 
In  regard  to  the  wearini^;  of  wire  dies  we  have  foun<l 

("arlM)ii,  TiiiiK>teii, 

I'M.  <)-7s. 

too  soft,  i.  c,   it  wore  too  easily.      Also  steel  of  the  ci»mpo>ition 

Carbon,  Silicon,  Siil|>lmi.  Maimaiii'st'.  I'luv-plionis, 

1-7  ()-2()  ()•(>!•  1  O-oST  OtH' 

waa  too  S(>ft.     The  best  foreij^n  dies  contaiiUHl 

QirlHMi.  Silicon,  Siilplnir,  Mani;:ini>sc.  IMiosplionix, 

2-8})  014  (>i;U  0'2H  (fO-J 

and  t^pially  jL^ood  and  eiuircly  satisfactory  home-made  steel  it»ntained 
t'nrl)on,  Silicon,  SMl|>hnr.  Manu'iinc-*'.  IMio-plmru-. 

2-.">7  0-20  ()-(»;ii  (I- IS  (»•(»:; 

In  this  ease  o(»<>d  wear  dej)ends  upon   hi>;h  carbon. 
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In  steel  rolls,  in  which  we  have  had  some  experience,  we  have  fonnd 
tJiat  very  soft  rolls  of  abont  0"30  carbon  wore  too  fast  from 
excessive  flow,  taking  the  shape  shown  in  the  accompany- 
ing cut,  the  overflow  sometimes  amounting  to  more  than 
half  an  inch.  This  cuts  away  the  brasses  and  involves 
much  redressing.  Rolls  of  about  0*70  carbon  made  from 
the  same  iron,  neither  flow  nor  crack  to  any  serious  extent, 
and  will  do  two  to  three  times  as  much  work  as  the  softer 
rolls. 

We  know  that  steel  flows  under  pressure,  that  the 
milder  the  steel  the  easier  it  will  flow,  and  the  easier  it 
will  shear ;  yet  in  the  paper  under  discussion  flow  is  dis- 
regarded entirely,  although  there  is  plain  evidence  of  it  in 
many  of  the  sections  given.  Low  shearing  stress  is  advised 
as  conducive  to  high  wear,  while  it  would  seem  plain  that 
chilled  flanges  must  act  as  admirable  shears  to  trim  off 
"flowed"  edges. 

Dr.  Dudley  says  low  phosphorus  units  ought  to  give  the 
best  wear,  and  so  they  onght.  He  proceeds  to  prove  it  by 
grouping  the  32  rails  of  least  wear,  and  the  32  rails  of 
most  wear  in  two  groups,  and  taking  a  mean  of  their  ana- 
lyses. By  a  happy  accident  this  mean  sustains  his  view, 
(tr  perhaps  it  would  be  fairer  to  say,  from  this  accident  he 
draws  his  C(_)nclusions.  These  groups  consist  of  all  sorts  of 
I'ails,  of  different  make,  different  conditions  of  w^ear  and 
difl'erent  tonnages.  Would  it  not  be  fairer  to  compare 
rails  from  the  same  part  of  the  track,  subjected  to  the 
same  conditions  of  wear,  of  the  same  tonnage,  and  pre- 
sumably of  the  same  make?  Arranging  the  64  rails 
under  consideration  in  this  way  by  means  of  the  history 
given,  I  find  30  groups,  consisting  of  twos,  threes,  and 
fours.  Comparing  the  phosphorus  units  and  M'ear  per 
million  tons  as  given  in  the  table,  I  find  that  in  twelve 
groups  the  softer  rails  iiave  shown  the  least  wear,  while 
in  eighteen  groups  the  harder  rails  show  the  least  wear. 

This  gives  18  against  Dr.  Dudley  to  12  for  him,  and  it 
seems  as  if  this  mode  of  comparison  were  the  fairer,  if  the 
presumption  is  correct,  that  the  rails  of  these  diflerent 
groups  were  of  the  same  make  in  each  group,  because  in. 
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such  case  tlic  cliaiice.-;  arc  tlial  the  |tliy.-ic"il  «<)n<liti<»ns,  dii"'  to  iikmIl-s  of 
inaiiiimlation  in  nianufaftiire,  wore  ni(»re  nearly  tl)e  same  than  tliey 
could  |)o.»isil)ly  i)e  in  the  more  {general  average  given  in  the  tal)h'. 

I  would  like  to  ask  Dr.  Dudley  to  relieve  us,  if  he  ran,  of  a  term 
which  he  has  introduced  into  his  pap'-rs  and  specificsitions,  and  which, 
for  the  sjdie  of  hannony,  ought,  I  think,  to  he  obliterate<l.  I  refer  to 
the  word  "hardener."  This  i>  a  term  properly  applie<l  to  any  sub- 
stance contained  in  steel,  lor  anything  mixed  with  iron  will  make  it 
harder.  But  carhon  is  the  great  "  hardener,"  and  jiroduces  all  of  the 
wonderfid  and  useful  properties  in  steel  with  which  we  are  familiar, 
an«l  of  the  nature  of  which  we  kn(»w  so  little.  Carbon,  then,  ought  to 
tu  In-  distinguished  as  thr  hardener,  and  all  other  eom|)onents  should 
i)e  known  bv  some  other  name.  If  not,  we  shall  have  (juack  steelmakers 
eoiiiinLT  out  wiih  more  silicon  st<'el,  phosph<trus  steel,  sulphur  sttvl, 
an<l  the  like.  And  whv  not?  Are  they  not  all  hardener<,  and  is  any 
one  better  ijuui  aiiotiici' '.' 

Phis  is  a  serious  matter,  tor  we  have  too  much  du|»lic.ition  of  mean- 
ings now.  For  instance,  if  you  go  to  a  tbunder  and  a>k  if  he  has  a 
chill  to  make  a  certain  si/e  of  die  or  mil,  he  lusks,  in  reply,  how  much 
chill  \ou  want,  ami  you  tell  him,  sav,  half  an  inch  or  an  inch,  as  the 
ca>e  mav  bi'.  Then  he  asks  if  you  want  a  tough  chill,  or  a  mild  chill, 
or  a  hard  chill.  W'oulil  not  an  out-sider  be  utterly  pu/zled  to  know 
what  a  chill  was  ? 

.Vgain,  a  steelmaker  talks  of  temper,  and  reters  to  steel  ot' ()•;;((,(>•{(  I, 
or  lMK»  carbon,  as  it  may  happen;  ami  a  steel-user  talks  of  tenijM'r, 
and  means  a  vellow,  or  brown,  or  blue  color,  left  on  his  steel  after  it 
is  tempered.  I  <ince  traveled  many  hundreds  <»f  miles  to  see  alMtut  a 
steel  tntuble.  A  buyer  luul  sent  back  a  shear-knife  which  wouKl  not 
cut.  Not  waiting  till  the  knife  was  receivcil,  I  starte<l  oil",  and  :L<ke<l 
m\'  pai'tncr  to  tch-gi-.iph  me  hi-  o|tinion  after  he  had  re<vive<l  the  blade. 
We  were  b(»th  sure  it  had  been  burni'<l.  After  my  arrival  on  the  s«"<'ne 
and  linding  a  man  in  real  trouble,  and  a  grt-at  tem|K'r,  a  mess;igc  c-.une 
in  these  word>,  '*  Teniper  too  high  ;  will  send  another  bar."  (Jnatly 
plea.sed,  and  thinking  my  way  plain,  in  an  evil  moment  I  showe<l  the 
message  to  my  trt»ubU'd  friend,  who  interpreteil  it  to  mean  that  he  hatl 
improperly  treated  the  stwl,  and  the  indignation  <TesUe<i  was  a<  pn>- 
found  as  it  was  unexpected. 

Who,  then,  can   deline  steel?      An   International  ( 'onnniti( t   this 

Institute  aiul  ntany  others  have  wrcstKtl  with  the  tpistion,  and  yet 
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to-day  there  is  a  heavy  suit  pending-  in  the  United  States  courts,  all 
turning  upon  the  question  whether  steel  is  steel  or  iron. 

Xow  we  are  threatened  with  the  war  of  the  "  hardeners,"  and  the 
contemplation  of  another  complication  in  our  nomenclature  is  no  joke 
for  the  steel  makers;  and  in  their  behalf  I  appeal  to  Dr.  Dudley  to 
relieve  us  before  it  is  too  late. 

In  conclusion,  allow  me  to  say  that  I  hope  my  remarks  will  not  be 
regarded  as  antagonistic  to  Dr.  Dudley's  great  work,  for  I  could  have 
no  possible  reason  for  entering  the  lists  as  an  antagonist ;  and,  on  the 
contrary,  I  decidedly  agree  Avith  him  that  the  chemistry  of  steel  is  an 
important  factor  in  its  manufacture,  and  chemistry  and  physics  must 
go  together  if  results  of  any  value  are  to  be  reached ;  and  I  firmly 
believe  that  eventually  all  engineers  will  know  how  to  make  and  to 
appreciate  chemical  specifications.  I  therefore  feel  that  we  should  all 
contribute  all  we  know  or  think  on  the  subject,  and  I  hope  these 
remarks  will  be  considered  a  thoroughly  sym})athetic  criticism. 

Letter  from  William  R.  Hart. 

I  w'as  this  morning;  an  interested  listener  to  the  remarks  of  Mr. 
Ashbel  Welch  in  regard  to  his  designing  a  new  section  for  steel  rails, 
in  1866  ;  and  for  the  sake  of  the  truth  of  history,  and  in  order  to  give 
the  credit  to  an  American  (and  where  it  rightfully  belongs)  of  design- 
ing the  first  section  for  steel  rails,  which  was  intelligently  adapted  to 
that  material,  I  beg  to  state  the  following  facts : 

On  the  14th  of  August,  1866,  Mr.  Ashbel  Welch  gave  me  an  order 
for  200  tons  of  steel  rails,  to  be  made  for  the  Camden  and  Amboy 
railroad,  from  a  section  designed  by  him.  A  copy  of  this  section  I 
append  herewith. 

Messrs.  John  Brown  &  Co.,  of  Sheffield,  for  whom  we  were  then 
agents,  at  'first  declined  to  roll  these  rails,  owing  to  the  thinness  of  the 
flange,  but  subsequently  accepted  this  order.  In  principle,  as  I  think 
jbu  will  see  from  the  section,  this  pattern  was  similar  to  what  is  now 
known  as  the  Sandberg  section,  having  a  large  amount  of  metal  in  the 
head,  and  without  sujierfluous  Aveight  in  the  stem  and  base.  This 
section  Avas  put  upon  our  book,  with  the  title  "Ashbel  Welch  section;" 
and  this  name  Avas  also  rolled  upon  the  stem  of  the  rails.  We  sold 
afterward  large  quantities  of  these  rails  under  this  title  to  the  Phila- 
delphia and  Baltimore  Railroad  Company,  as  Avell  as  to  the  Camden 
and  Amboy  Railroad  Company. 
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I  make  this  statement  in  justice  to  Mr.  W'elcli,  who  ou<rht  to  have 
the  credit  of  (i('si<riiin<i;  a  section  whicli  had  nine!,  to  do  with  makinj; 
.sloi'l   rails  a  success.     At  the  time  Mr.  W CKh  d(.'-iLMied  this  .section  it 


-  Ihovt  o  7/  '-i  Ihs.jyer  yard. 


was  quite  a  new  diparture,  and  a>  our  ohl  seotion-hook  sh<»ws  it  was 
very  ditVerent  from  any  of"  thi'  sections  which  up  to  thai  time  liad  Itecn 
orilered  hy  any  of  the  railroad  com[)anies. 

I  siiall  l)e  very  glad  if  tins  fact  i-an  be  rceordeil  upou  the  minutes 
of  tlu*  Institute,  and  remain, 

Y(»urs  very  truly, 

WiLi.i.\M  Iv.  IlAi;r. 
1'milai>ki,i>hi.\,  Fel>.  17th.  1881.  --l^rnj/,  Xaylor  ti-  Co. 

Letter  from  K.  11.  .^^avkk,  Hkthi.khkm,  Pa. 

The  subject  is  one  t»f  great  interest  in  every  j>oint  of 

view  to  railroad  managci's  and  steel-rail  makers.      It  has  (Kvurretl  to 
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me  that  if  in  this  connection  yonr  society  would  take  up  the  matter  of 
the  shape  or  section  of  steel  rails  and  the  form  of  joint,  and  be  able  to 
arrive  at  such  form  for  diiferent  weight  of  rails  as  you  could  recom- 
mend to  the  railroads  of  this  country  with  a  view  of  obtaining  uni- 
formity, it  would  be,  in  case  of  adoption,  of  great  value  both  to  the 
railroads  and  makers  of  rails. 

^ly  idea  is  that  if  both  your  society  and  that  of  the  civil  engineers- 
should  join  in  the  adoption  of  templates  and  their  recommendation,  it 
would  be  more  likely  to  have  the  desired  effect. 

Yours  truly, 

EoBEET  H.  Sayke. 

AViLLiAM  Kent,  Pittsburgh,  Pa. : — The  steel  manufacturers  of  this^ 
country  must  ever  be  grateful  to  Dr.  Dudley  for  his  painstaking 
and  conscientious  endeavor  to  establish  the  relation  between  the  chem- 
ical analysis  and  the  wearing  capacity  of  steel  rails.  They  must  thank 
him  for  the  vast  array  of  facts  he  presents,  and  especially  for  having; 
given  them  sixty-four  analyses  with  which  to  combat  his  own  conclu- 
sions and  to  establish  their  own,  which  are  entirely  opposite  to  his. 

In  Dr.  Dudley's  discussion  of  his  former  investigation,  at  the  Pitts- 
burgh meeting,  he  said,  "  If  you  do  not  like  my  conclusions,  draw 
3"our  own  conclusions."  I  have  studied  his  last  paper  as  thoroughly 
as  the  limited  time  since  I  received  it  would  admit,  and  have  drawn 
some  conclusions  which  I  will  first  state,  and  then  attempt  to  demon- 
strate. 

Briefly  stated,  my  conclusions  are:  1st,  That  as  far  as  these  64 
analyses  reveal  anything  of  service  to  railmakers  and  consumers  they 
do  reveal,  or  seem  to  reveal,  that  within  the  following  chemical  and 
physical  limits,  viz. : 

Carbon,  .  .  .     0-20  to  0-60 

Phosphorus,  .  .  0-026  to  0-145 

Silicon,  .  .  .     0-015  to  0-480 

Manganese,  .  .  0-252  to  0-880 

Phosphorus  units,  .  .     20-3  to  5-72 

Bending  weight,  .  .  2270  lbs.  to  4260  lbs. 

Deflection,  .  .  .13°  to  190° 

or  in  other  words  within  the  limits  of  nearly  the  whole  range  of  the 
chemical  and  bending  tests  of  these  64  rails,  the  wearing  capacity 
bears  no  relation  at  all  to  carbon,  to  phosphorus,  to  silicon,  to  manga- 
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ncsc,  to  |>lio.s|»lii>nis  units,  to  l)cii«liii|j  wri^lit  <»r  to  <lttli(ti«in  ;  or  ii 
tlior<!  is  aiiv  relation  l»et\vwn  the  wfurinj^  capacity  an<l  tliesv  six  or 
uscvcn  vari:il)lis,  it  is  so  i>I»-cim<(1  Wy  tin-  action  of  other  causes  or  vari- 
al)lcs  not  vet  known,  that  >iich  r"hiti«»n  cannot  he  e.\|)rc--c<|  hy  any 
j)ractical  formula. 

•_'<L  That  the  ilill'cn.'nce  in  wearing:  ca])acity  of  thc<c  <il  rails  \va~ 
not  (liio  to  carl)oii,  to  |)hos|)horns,  to  siHcon,  t<>  niaip^ancsf,  or  to  any 
conihinatioii  of  these  lour  elements,  hut  that  it  was  due  to  some  other 
<'ause  or  comhination  of  causes,  of  which  Dr.  Dudley's  whole  investi- 
pition  furnishes  us  no  due  whatever.  A  few  of  the  many  possiiile 
■oauses  I  may  name,  sulphur,  cn|)per,  oxide  of  iron,  inclo-ie«l  air  or 
•other  J^ases,  overhlowin;^^  underhlowin^^  overheat inir,  underln^itinir. 
too  hot-finishinj^,  too  cold-finishinjr,  cold-straiii!;htenin^,  t<K)  ^reat  or 
loo  little  retluetion  from  the  rail  to  the  in;rot,  or  the  portion  of  ih«- 
Jn<xot  I'rom  which  tin-  rail  was  taken,  as  top  or  l)ott<»m.  I  have  no  idea 
M'hich  (»f  these  causes  has  the  jjreatest  intliieiicc  in  detcrminini;  the 
M'earin^  <'!»l)acitv  of  a  rail, — prol)ai)ly  no  one  else  Iuls,  —  hut  I  tirndy 
helicve  that  some  one  or  more  of  them  has  far  mor«>  influence  than  all 
the  four  chemical  elements  named  in  Dr.  Dudley's  analyses  wit^)in  tiie 
limit.-  which  1  have  mentioned. 

.")d.  That  the  railroad  companies  mu-t  ntterlv  abandon,  tor  tlic  ntxt 
ten  years  at  least,  the  attcm|»t  to  limit  rail  manufai-tureis  to  <-crtain 
])re.seril)e(l  chemical  analvses,  nnles-;  within  the  wide  ran^e  of  analyse- 
T  have  jijiven  ahovc.  if  thev  would  seek  to  e-stahlish  a  definite  speci- 
fication hy  which  to  insure  iroo«l  wi-arinu^  rapat'ity,  and  at  the  same 
time  not  make  the  spe<'ifieation  an  impracticahle  one  for  railmaker^  to 
meet,  as  Dr.  Dudley's  certaiidy  is,  they  must  inau«;nrate  another  inves- 
tiixation  (and  I  know  of  no  one  so  well  fitte<i  to  undertake  it  as  Dr. 
Dudley  himself,  after  he  shall  have  thorouirhly  di-ahusiij  his  mind  of 
<'oMclu>io!is  alreadv  formed  >,  whi<h  inve-tiiration  shall  take  at  least  ten 
years  to  com]>letc,  and  shall  include  not  oidy  the  etVis't  of  the  four 
chemical  elements  now  under  dis4Us<ion,  hut  all  the  (»ther  sup|>oscd 
cjiuses  of  difl'erence  in  wearing;  capacitv  which  1  have  mentioned  almve, 
besides  many  others  I  have  not  even  thou>rht  of.  Su«'h  an  investijpi- 
tion  I  helieve  the  railmakers  would  not  ohject  to;  they  should  rather 
contribute  towards  it.  It  would  richly  rcjuiy  the  railr«»:\d  <-timp;inies 
I)y  enabling  them  to  secuiv  In'tter  i-:ul<,  ju'oviding  that  after  the  inves*- 
li^ation  was  concluded  it  should  reveal  the  causes  of  «K'fivtive  wraring 
capacity,  which  Dr.  Dudley's  present  invesiigjition  does  not  ilo. 
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4th.  That  Dr.  Dudley's  failure  to  establish,  after  years  of  careful 
investigation,  tlie  relation  between  the  chemical  analysis  and  the  wear- 
ing capacit}'  of  a  rail,  should  be  a  les.son  to  other  consumers  of  steel 
besides  the  railroad  companies,  not  to  attempt  to  regulate  the  steel 
manufacturer  by  a  chemical  specification  based  upon  their  own  investi- 
gations, far  less  elaborate  than  that  of  Dr.  Dudley  or  that  of  the  man- 
ufacturers. It  is  a  common  occurrence  for  a  steel  manufacturer  to  be 
asked  to  guarantee  both  a  chemical  and  a  physical  specification  entirely 
inconsistent  with  each  other,  and  one  or  both  impossible  of  fulfilment. 
The  attempt  to  fill  orders  with  such  specifications  is  not  only  annoying 
but  often  even  ruinous  to  the  manufacturer,  causing  the  rejection  of 
much  steel  that  is  even  better  adapted  to  the  wants  of  the  consumer 
than  some  of  the  steel  which  is  accepted.  This  is  precisely  the  result 
which  would  happen  if  Dr.  Dudley's  rail  specifications  were  to  be 
insisted  on. 

I  will  now  undertake  to  give  a  reason  for  the  conclusions  I  have- 
drawn.  Suppose  that  the  Pennsylvania  Railroad  Company  were  at 
once  to  insist  that  all  rails  furnished  them  should  conform  to  Dr.  Dud- 
ley's specifications  in  these  six  particulars': 

Carbon,     .  .  .  .     '25  to  'So 

Phosphorus,       .  .  .  not  over  '10 

Silicon,       ....     not  over  '04 
Manganese,        .  .  .  "30  to  "40 

Bending  weight,         .  .  .     not  over  3000  lbs. 

Deflection,  .  .  .  not  under  130° 

Suppose  that  before  the  rail  manufacturers  had  "got  the  hang"  of 
making  rails  within  these  rigid  limits,  and  while  they  were  yet  making 
them  with  the  wide  range  of  composition  which  they  are  now  doing,. 
I  should  be  sent  as  inspector  to  one  or  more  works  to  inspect  64  lots 
of  rails,  one  rail  being  taken  out  of  each  lot  for  test,  the  test  rail  being 
supposed  to  represent  exactly  the  lot  from  wdiich  it  was  taken.  Sup- 
pose, further,  that  I  test  these  64  rails  chemically  and  physically,  and 
find  that  the  results  are  exactly  those  given  in  Dr.  Dudley's  tables.  I 
tabulate  the  results  as  I  have  done  here,  rejecting  all  the  tension  and 
torsion  tests,  as  these  are  not  included  in  my  instructions,  and  I  care- 
fully examine  the  table  to  see  how  many  I  should  accept  and  how 
many  I  should  reject.  How  many  of  these  64  rails  or  lots  would  I 
have  to  accept  under  these  specifications?     Onlij  three!  And  one  of 
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those  tlirco   would    ho   (•I:l--<<1    Wy  Dr.  DikIUv  :u~   a   l):ul  rail.   -iaii<liiiL' 
iiimilxT  10  out  of  the  Hi  rails  iiiarkc*!  "  Level  Tanjr«'nt." 

I  would  reject  sixtif-onr  of  tln-se  si.xty-four  rails  (<»r  lot.-;  lor  viola- 
tion of  from  one  to  all  si.\  of  the  s|M'<*itie:ition-.. 

34  for  too  ^reat  hendin^  loa<l. 

29        "       small  «lerieetion. 

42       '*       liijrh  or  t«M>  low  earlton. 

31  "       liiifh  |)hosphorn<. 

32  •'        iiiirh  >ilicon. 

52       "       lii^rh  or  tou  juw  nianpines*'. 

A.S  Dr.  Dudley  classes  the  0  4  rail-  into  two  ^rand  divisions,  vi/., 
'>2  slower  weariiiL'^  aii<l  32  faster  w»arin<;  (I  ("jdl  tlwin  here  <;<mm1  rail- 
arid  l>ad  rail.-  lor  the  sak<'  of  hnvityi.  I  hav«-  to  rrjcet  3<»  of  hi-  </uin{ 
rai/.s. 

\l\  for  too  i^reat  luiidin;.'-  load. 
7        "       small  dcri('<"tion, 

21         ■'        liiLrh  or  too  low  carhoM. 

11        ''       hi<fh  |>ho>j)horu-. 

14        "       lii;jh  -ilicon. 

21        ■■       hi^^h  or  too  li.w  man^mes*', 

( )n  the  tahles  (IMates  (I  and  7|*  I  have  marUctl  each  can-*'  of"  rijc*-- 
lion  with  a  hlaek  mark.  ^  oii  will  notice  that  they  .S4.'en»  coven*!  all 
over  with  Mack  mark.-,  that  their  |>osition  follows  no  rci^tdar  law.  hut 
that  I  seem  to  have  di.-trihuted  them  with  commendahle  impartiality. 
I  count  the  hlack  marks,  an«l  find  the  total  c-aa-e^  of  rejection  to  num- 
her  210  (Kit  of  a  |>o.<sihle  3fl(i.  or  an  aveniire  of  3* 41  for  eacji  of  the  i\\ 
rails  rejected.  ( )f  the  .".1  had  rails  rcj»rte<l  the  hlack  marks  or  c-:ius<- 
of  rejection  immhcr  12;'>,  an  avenij^*  of  3"1*7.  (  M'  the  30  g<Kxl  rail- 
rejecti'd  the  caii-e-  nuiiilMr  S7.  an  aver.ijre  of  2'.>.  Here  is  a  |>oint  in 
favor  of  l)r.  Dudley:  the  .11  hail  rails  ixjectol  do  have  a  worse  «'hem- 
ical  and  |>liysic;d  record  than  the  30  i;o<k1  rail.s  nj»vte<l,  the  averiui:e 
nuinher  of  hlack  marks  aij:iin.-t  the  IkkI  mils  l)einj;  ;;reater  in  the  nilio 
of  3!(7  to  2  1*.  lint  lii<  u;ratitic:ition  in  thi-  reipinl  mu.-t  U- somewhat 
diminished  when  he  learn<  that  hy  sekH-ting  a  niimiKT  of  very,  re'n/ 
had  rail-,  wliidi  I  havedoncon  the  tahli-s,  drawinj;  heavy  lines  around 
them,  and  marking  them  irnrst  rtiih,  viz.,  the  two  worst  rails  mit  ot 
10  markeil  tan^i-nt   grade,  the  four  wor.-t  nul-  out  of  S  markc*!  curve 

*See  JoiRN.vL  tor  March,  Is.^1. 
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grade,  low  side;  tlie  tliree  worst  out  of  8  curve  grade,  high  side;  the 
three  worst  out  of  16  level  tangent,  tlie  two  Avorstout  of  8  level  curve, 
low  side,  and  the  four  worst  out  of  8  level  curve,  high  side,  the  total 
causes  of  rejection  of  these  18  rails  is  68,  or  an  average  of  only  3"78.* 
That  is,  the  18  worst  rails  have  fewer  average  causes  of  rejection  than 
the  whole  31  rejected  rails  designated  "faster  wearing"  in  the  ratio  of 
3-78  to  3-97. 

In  Dr.  Dudley's  table  of  averages  he  compares  the  chemical  and 
physical  properties  of  32  slower-wearing  rails  with  those  of  32  faster- 
wearing  rails  in  all  conditions  of  service.  The  comparison  agrees  with 
his  conclusion,  except  in  the  matter  of  silicon,  the  average  silicon  of 
the  bad  rails  being  lower  than  that  of  the  good  rails.  Let  us  carry 
the  comparison  a  little  further,  and  compare  the  properties  of  the  1 8 
w^orst  rails,  whicli  I  call  very,  very  bad  rails,  with  those  of  Dr.  Dud- 
ley's 32  bad  rails,  and  see  whether  it  strengthens  his  position.  Here 
is  the  comparison : 


j^uss  per 

million 

tons. 

Bending 
weight. 

Deflec- 
tion. 

C. 

P. 

Si. 

Mn. 

Phos. 
units. 

32  good  rails, 

•0506 

2878 

160° 

•334 

•077 

•060 

•491 

3r3 

32  bad  rails, 

•J  028 

3222 

133° 

•390 

•106 

•047 

•647 

38^9 

18  worst  rails, 

•1326 

3209 

135° 

•412 

•109 

•040 

•677 

40^4 

la^iad  (?)  rails, 

•0668 

3267 

136° 

•369 

•105 

•050 

•632 

37  9 

The  18  w^orst  rails  show  a  greater  loss  per  million  tons  than  the  32 
bad  rails  by  29  per  cent.,  while  in  three  elements  of  Dr.  Dudley's  speci- 
fications, viz.,  bending  Aveight,  deflection  and  silicon,  they  are  slightly 
better,  according  to  his  ideas;  and  in  three  others,  viz.,  carbon,  phos- 
phorus and  manganese,  slightly  worse.  If  Dr.  Dudley's  conclusions 
were  correct,  we  should  expect  to  find  that  a  lot  of  rails  having  29 
per  cent,  worse-wearing  capacity  than  a  larger  lot  whicli  included  them, 
would  show  a  very  marked  deviation  in  average  analysis  and  bending 
tests  from  the  average  analysis  and  bending  tests  of  the  larger  lot ;  but 
actually  the  deviation  is  so  slight  that  Dr.  Dudley  himself  could  not 
tell,  if  the  results  of  tests  alone  were  presented  to  him,  which  lot  had 
the  greater  and  which  the  less  wearing  capacity. 

But  I  have  carried  the  comparison  still  further.  In  the  4th  line  in 
the  table  I  have  placed  the  record  of  the  other  13  bad  (?)  rails,  out  of 

*The  method  of  selection  of  these  18  rails  is  not  an  arbitrary  one,  as  will  be  seen 
further  on.  Of  the  16  level  tangent  rails,  14  should  be  classed  as  gond  and  2  as  bad, 
a  fairer  classification  than  tliat  of  8  faster  and  8  slower  wearing. 
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the  31  las  tor-wearing  rails,  wliich  \v<jultl  liav  l>e<'ii  rejected  miliar  I  )r. 
Dudley's  specifications.  (I  liave  omitted  in  tins  average  rail  N<».  !i20, 
classed  by  Dr.  Dudley  as  a  i)ad  rail  ironi  its  taster  wearint:,  l)ut  wiiirli 
conforms  to  liis  sjH-cifications  in  every  res])ect.)  I  have  placed  an  '*'.'" 
after  the  w<»rd  l)a<l  in  <h'siirnatin«r  these  rails,  as  I  tliink  they  sliould 
Jiave  been  classed  with  the  32  good  rails,  on  account  of  their  wearing 
capacity  heing  much  nearer  to  that  of  the  good  rails  than  to  that  of 
the  l.S  worst  rails  with  which  they  are  associated.  ( 'oniparing  the  Is 
worst  rails  with  the  13  had  (?)  rails,  we  find  the  former  to  l)e  ov»-r  MS 
])er  cent,  (or  nearly  doiii)le)  worse  in  wearing  cai)acity  than  the  for- 
mer, while  their  analyses  and  hending-tests  indicate  them  to  he  very 
Dcarlv  alike.  The  worst  rails  are  lower  in  bending  weight  and  silicon, 
and  onlv  slightly  lower  in  di  Hection,  and  slightly  higher  in  carbon, 
phosphorus  and  manganese.  Here  is  a  very  jjlain  case  selected  from 
Dr.  Dudley's  own  work.  Two  distinct  lots  of  rails,  one  lot  twice  a- 
good  in  wearing  caj)acity  as  another,,bnt  l)oth  lots  closely  agreeing  in 
average  analvsis  and  bending  tests.  \\\\\\\  strcmger  evidence  coidd  be 
j)rodutKd  of  the  fallacy  of  his  formula'.' 

If,  in  any  large  series  of  observations  of  the  values  of  different  vari- 
able quantities,  such  as  arc  here  dealt  with,  there  exists  any  law  of 
interd<'pendence  of  such  varial)les,  the  figures  representing  such  ob-er- 
vations  can  be  plotted  on  cross-section  |)aj)er,  and  the  law  will  be 
plainly  i-cvcalcd  by  a  curve  or  straight  line  drawn  through  the  vari- 
ous (►bscrvations,  I  have  thus  plotteil  the  results  of  Dr.  Dudley,  ami 
have  made  42  curves,  or  attempts  at  curves,  to  discover,  if  possible, 
the  existence  of  any  law  of  interdependence  of  the  variable  wearing 
<'apacity  in  the  six  series  of  rails,  viz.,  tangent  grade,  curve  grade  high 
side,  <'urve  grade  low  side,  tangent  level,  level  curve,  high  side 
and  level  curve  low  side,  with  the  seven  other  variables;  bending 
•weight,  <lcflection,  carbon,  silicon,  phosphorus,  mang-anese  and  phos- 
])horus  luiits.  Here  is  the  diagram  (Plate  I)  with  the  42  att<inpt>  to 
form  as  many  curves.  You  will  see  there  is  neither  curve  nor  straight 
line  liere — nothing  but  a  heterogeneous  mass  of  ups  and  downs  and 
straights  acros.s — not  the  slightest  indication  of  any  law  in  any  sitigle 
<'urve  which  is  not  couti'adicted  by  anoiluM'  curve  of  the  same  variable 
in  another  .series. 

This  set  of  curves,  or  rather  zigzags,  shows  plainly  my  reason  for 
separating  Dr.  Dudley's  .'52  bad  rails  into  two  series,  one  of  IS  wor>t 
rails,  the  other  of  14  which  nearly  approached  the  g<MMl  rails.      In  the 
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curves  of  the  tangent  grade  rails  tlie  two  worst  rails,  882  and  893,  in 
their  j)lotted  positions  in  the  curve  remove  themselves  far  from  the 
main  body  of  these  rails,  and  therefore  in  contrast  with  the  othei*s  they 
are  justly  named  the  very,  very  bad  rails  of  this  lot.  Tliis  grouping  of 
the  very  bad  rails  far  away  from  the  better  rails  is  still  more  plainly 
seen  in  the  level  tangent  rails,  where  13  rails  are  comparatively  near 
together  in  position,  and  the  other  three  are  far  removed  from  tliem, 
thus  ])lainly  indicating  that  if  we  wish  to  consider  the  relation  of  the 
chemical  composition  of  these  16  rails  to  their  wearing  capacity,  the 
method  of  averaging  the  8  faster-wearing  and  the  S  slower-wearing — 
which  Dr.  Dudley  seems  to  tlii^ik  is  the  only  good  one — is  not  llie 
best  by  any  means,  but  that  to  obtain  an  intelligent  deduction  the  13 
fairly  good  rails  must  be  contrasted  with  the  three  rails  which  are 
widely  different  from  them  in  wearing  capacity. 

I  have  said  that  these  zigzags  indicate  the  absence  of  any  law  of 
relation  between  wearing  capayity  and  the  six  variable  quantities 
under  consideration.  I  am  surprised  that  Dr.  Dudley  did  not  include 
his  phosphorus  units  in  his  specification,  as  I  regard  this  idea  of  ])hos- 
phorus  units  as  a  most  valuable  conception,  and  one  likely  to  lead 
to  the  advancement  of  our  knowledge  of  the  relation  of  the  physical 
to  the  chemical  qualities  of  steel.  For  this  reason  I  have  included 
phosphorus  units  in  my  plate  of  zigzags,  although  Dr.  Dudley  lias  not 
named  it  in  his  specifications.  I  thought  it  probable  that  by  plotting^ 
the  jihosphorus  units,  I  might  possibly  discover  whether  they  had  any 
relation  to  wearing  capacity,  although  carbon,  phosphorus,  silicon,  and 
manganese  had  no  such  relation.  I  discovered  none.  But  there  is  a 
very  marked  peculiarity  in  the  zigzags  representing  phosphorus  units 
besides  that  of  general  relation  to  the  four  ciiemical  elements  which 
follow  as  a  matter  of  necessity,  namely,  the  almost  entire  parallelism 
of  the  lines  of  phosphorus  units  and  bending  weight.  This  suggests- 
at  once  the  existence  of  a  relation  between  phosphorus  units  and  bend- 
ing weight,  and  I  have,  therefore,  made  another  diagram,  plotting  the 
figures  expressing  this  relation.  The  accompanying  Plate  II  shows- 
bending  weight  at  the  side  of  the  section  pajjcr,  and  phosphorus  units 
at  the  bottom.  You  will  plainly  notice  that  there  is  an  evident  trend 
of  the  dots  representing  the  rails  in  the  direction  of  an  ascending^ 
inclined  straight  line.  The  whole  range  of  bending  weights  being^ 
2000  ])ounds,  the  deviation  of  the  position  of  any  rail  from  this  inclined 
straight  line  (with  only  two  exceptions)  is  an  ordinate  representing  less 
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tliiiii  |.">!)  |M.iiii  U.  I'Im'  iiicliiuHl  str.iiiilit  liin-  i«  the  avenip,- ilint-tiou 
<ij"  tr<ii<l  uf  tlit-.<-  (|nt<,  anil  ili<-  individual  «l<"ts  du  not  deviate  j^n-atly 
from  tliix  avcrai^c  dir<*<-tion.  Tlic  law  of  tin-  n-Iation  Ix'twt.i'H  |»li<»~- 
|»liorii.s  units  and  iu-ndin;;  \v«'i;^lit  is  thus  rlcarly  trstaldisht-*!,  and  it  i-* 
til  is:  The  incmiHe  of  hciulinij  icc'njht  in  ilirrrthj  j/ropor(innal  to  tin 
increase  of  fjlioMjihoriM  iinitn.  Tlie  disi-overy  of  the  law  is  a  strong 
prcsuinptivr'  proof  of  the  corpM-tuess  of  Dr.  Dudley's  hyjMitlM-sis  iit 
regard  to  tin*  hardtiiin;:  inllucnn*  of  tin*  lour  rlifnii«':il  elements  u|mii) 
-till,  vi/..,  that  the  relations  (»f  phos|>horus,  «.ili<on,  t-arl>on  and  nuin- 
;;anfso  are  to  «'a«'li  other  in  rf>|MM-t  to  hard»-nin:i  a-  the  nunihers  1,  i. 
If  and  I.  Dr.  Diidhy  is  rerl.iinly  to  L-  ronixratulat^d  u|m.h  thi^  di>- 
covery  of  presumptive  j»r«M»f  of  hi*    hypothoi".. 

'1  he  fa<'t  of  the  law  of  niation  of  luiidinj;  wei'iht  to  plior.phoru- 
units  Lw-inj;  s<»  plainlv  indifatf<l  in  thi"s«-  «» 1  analyst's  and  t«-sts,  whih- 
there  is  no  su<li  indimtion  from  tlu'Si'  tf>ts  of  any  similar  n-lation 
f.xistinj;  iK'twem  wt-arini;  ra|»arity  and  phosphorus  units,  or  Iwtween 
wearini;  (-.ipacitv  and  ciiriion,  jihos|thorus,  sili«t>n.  manixan*^^",  iM-ndinj^ 
wtiiiht  or  diflrciiiin,  is  almost  ahsolute  proot"  in  itx-ll'  that  such  n-la- 
tion  doo  not  fxi-«t  at  all,  or,  a>  stati-d  in  tin-  lir-t  part  of  my  n-mark*. 
it  it  d<M-.  cxi.".!  it  is  entirely  oh-K-ureil  hv  the  influence  of  other  variaMe 
<|uantiti«'s  not  eon>idere«l  in  Dr.  Dudley's  pajM-r. 

(Ml  tile  dia;;i*am  on  whieh  is  plott«>4l  the  relation  ot' phos|tlioru<  unit> 
to  heiidin^j  wei<;ht  I  have  indii-atiHl  the  |M>sition  (if  earh  of  Dr.  Diul- 
ley's  '.\'2  slower-w«'arin<;  rails  hv  a  single  «|ot.  The  IS  wor>.t  rails  «if 
the  <>4  are  indieate«l  l»y  a  dot  surroiMHle<l  l>y  a  <'irele,  and  the  remain- 
iiiL'  1  1,  ••alh'd  si'eond-hext  on  the  dia^rjim,  are  intli«-tte«l  l»y  a  dot  sur- 
rouii(le«l  l»y  a  semieirele.  ]W  drawing  the  line  hetwifn  rails  whieh 
would  he  rejiH-ttnl  on  Dr.  Dudlev's  >|Ni-ifi<':iiion  tor  iM'iidin;;  weight 
alone,  vi/..  Hot  ahove  ."'.(MM)  pound-,  an«l  eountinj;  tluisc  alnive  the  line. 
It  is  seen  that  lUvrv  are  .'U  rails  rej«'<teil  out  of  the  »)4,  an<l  of  thes«' .■'.  I. 
l.'l  are  the  hest  rails  o|"  the  s«'ries  (Dr.  Du«llev'>  slower-we:irin<;  mils), 
I>  are  the  si'eond-hest  mils, — almost  jis  ^kkI  as  the  former, -anti  12 
aiv  from  the  IS  worst  mils.  Counting  the  aeeej)te»l  mils,  a  total  of .;«». 
1J>  are  U'st  mils,  ;">  are  HH-ond-ln'st,  and  ♦»  worst.  As  alre:idy  -hown. 
of  these  iJ(>  mils,  whieh  mi^ht  U'  atxr|)te<l  on  the  irround  of  their  Und- 
iiii:  weii^ht  hein;;  Ih'Iow  .'i(KH>  |M)unds,  «»nly  thni-  of  them  eould  |»:i>^- 
the  iTMuntlet  of  all  the  other  five  s|H><'ifie:ition-.  and  one  of  these  tiint- 
is  a  se('on»l-lK'>t  rail. 

I  think  1  have  now  provnl  mv  tirst  pro|Mi-ition,  hut  I  mu*t   antiei- 


108  Sled  Bails.  [Jour  Frank.  last., 

pate  an  ol^jection  which  Dr.  Dudley  may  j)ossibly  raise.  He  may  say 
that  my  argument  against  his  formula,  based  upon  the  rejection  of  61 
rails  out  of  64,  is  invalid,  because  these  rails  were  not  made  according 
to  his  formula.  Let  them  be  made  according  to  my  formula,  he  may 
say,  and  they  will  not  be  rejected,  and  they  will  give  good  service.  I 
regret  that  he  has  given  us  the  record  of  only  three  rails  which  do 
conform  to  his  formula;  they  are  not  sufficient  in  number  to  draw 
valid  conclusions  from,  but,  such  as  they  are,  here  is  the  conclusion 
they  lead  to.  Two  of  them  are  sloMcr-wearing,  one  a  faster-wearing 
rail ;  therefore,  out  of  three  rails  which  conform  to  the  formula,  the 
chances  are  that  one  rail  will  not  be  a  good  one.  Are  the  railroad 
companies  satisfied  with  such  a  result  as  this?  But  suppose,  for  the 
purpose  of  admitting  a  greater  number  of  rails  into  our  accepted  list, 
we  relax  the  specifications  slightly.  We  will  say  that  rails  must  be 
made  according  to  Dr.  Dudley's  formula,  but  if  a  rail  happens  to  con- 
form to  five  of  the  six  specifications  and  fails  in  only  one,  and  that  one 
manganese,  the  least  injurious  element  considered  (Dr.  Dudley  himself 
-considering  it  only  one-fifth  as  bad  as  phosphorus),  then  we  will  not 
reject  that  rail.     Our  list  of  accepted  rails  will  then  read  as  follows: 

^<^o.  Service.                Order  in  Dr. 

D.'s  table. 

920  Level  tangent,                   10th  in  16 

932  "      curve,  low  side,     1st     "    8 

943  "         "            "              6th    "    8 

931  "        "        high  side,    otii  "    8 

887  Tangent  grade,                   1st    "   16 

■^86  "            "                       13th"  16 

-899  Curve  gr.,  low  side,           1st     "     8 

910  "         "         "                   5th    "     8 

Here  are  eight  rails,  uoquestionably  the  softest  rails  of  the  series, 
•conforming  exactly  to  Dr.  Dudley's  specifications,  except  four  which 
have  manganese  less  than  one-tenth  of  a  per  cent,  higher,  and  one 
with  manganese  two-tenths  of  a  per  cent,  higher  than  the  specifica- 
tions. We  ought  to  expect  that  all  or  nearly  all  of  these  eight  rails 
would  be  included  in  the  thirty-two  rails  designated  by  Dr.  Dudley 
as  slower-wearing,  but,  on  the  contrary,  there  are  only  three  of  them 
so  included,  and  five  of  them  are  the  faster-wearing  rails.  It  has 
been  said  that  exceptions  prove  the  rule,  but  there  is  such  a  thing  as 
Jiaving  more  exceptions  than  rule,  and  I  think  we  have  such  a  case 
before  us. 
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After  Di-.  Dudley  has  "S pent  M»me  years  investigating  the  ditHcult 
|»r(»l)loni  ot"  (let<'riiiiMiiii;  what  phy-ieal  or  ehemic^l  projKjrties  have  an 
iiiHuencc  upon  wear,  lie  tal)ulates  his  results;  l»e  studies  them  <-:ire- 
tiilly;  lie  then  pnxeeds  to  write  his  rej)ort  and  to  draw  iiis  eonclu- 
-ions.     lu  the  report  we  timl  th».'  tolhnving  words: 

"Giving  our  attention  now  to  the  tables,  I  think  the  first  observa- 
tion will  be  that  there  is  no  absolute  gradation  in  physieal  <ju  ditie<, 
or  in  cheinicjd  eonip<»sition,  applying  to  every  rail  in  eaeh  group, 
which  eorresj)onds  to  the  gradation  in  amount  of  metal  l(»st  per  mil- 
lion  tons.' 

Then  he  tells  us  we  ought  not  to  expwt  sueli  uniformity,  ior  twa 
re-a-ons  : 

1st.  Errors  in  iletermining  loss  <»f  metal  and  tonnage. 

'Id.  I  (pioto  his  own  w<trds:    ''I  am  not  aware  tiiat  it  is  known  ;ls 

yet  exactly  wiiat  wear  is,  or  what  it  is  dependent  uj)on  ; 

whether  wear  is  a  direct  function  of  tiie  tensile  strength  of  steel,  or  of 
its  elongation,  or  of  its  elastic  limit,  or  of  its  resilience,  or  any  combi- 
nation of  these,  <tr  iudee<l,  as  seems  somewhat  probable,  of  the  amount 
nl"  di.-toriioii  liy  bending  that  a  piere  of  steel  will  suHer,  is  a  problem 
yet  to  i)e  solved." 

It  certainly  is  a  problem //c/  to  dc  .so/ro/,  and  it  will  take  m mv  vears 
to  solve  it.  l>r.  Dudley  should  have  stoppe<l  here,  and  drawn  the 
conclusion  which  I  have  drawn,  namely,  tiiat,  within  the  wide  range 
of  analyses  ami  bending  tests  which  I  mentionetl  in  the  first  j)art  of 
these  remarks,  as  far  as  these  sixty-four  tests  show  anything,  thev  indi- 
cate that  wliatevei-  wear  i>  or  may  be  de|K'ndent  upon  it  is  not  di'i>end- 
eiit  upon  ('arl)on,  i)ho«.ph(>rus,  silicon,  manganese,  bending  wei;^ht  an  I 
detleetion.  Instead  of  this,  in  one  breath  he  ailmits  he  does  not  know 
wiiat  wear  is  dep«ndent  upon,  and  in  the  next  he  formulates  the  extra- 
ordinary noil  ticijuifur  that  it  is  tlefK'udent  upon  rarbon,  j)hospliorus, 
silicon,  manganese,  bending  weight  and  deMei-tion,  and  recommends 
that  the  Pemisylvania  Railroail  Company  demand  that  rails  Ik*  made 
on  specifications,  basetl  on  tiiese  six  variables,  so  narrow  that  to  fill 
them  would  rauso  the  constant  rejection  of  enormous  <pi:intitii  -  nt* 
steel,  and  a  conse(pient  enhancement  t>f  the  price  of  rails,  probal'U  tru 
or  twenty  per  cent.,  without  any  certainty  that  such  rails  would  bcanv 
better  than  those  the  >teel-mills  are  now  making. 

I  earnestly  ho|>e  that  the  invcstig-ation  which  Dr.  Dudlev  has  so 
ably  carried  on  will  l)e  continueil.     I  hoi>e  the  Pennsylvania  Kiiilroad 
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•Company,  or  preferably  a  combination  of  several  railroads,  will  insti- 
tute the  prolonged  investigation  which  I  think  will  be  necessary  to 
-solve  this  deep  problem ;  that  they  will  take  a  hundred  or  more  rails, 
watching  and  noting  down  carefully  every  detail  of  their  manufacture 
as  well  as  their  analysis  ;  that  they  will  be  carefully  weighed  before, 
during,  and  nfter  service ;  that  their  crop-ends  will  be  tested  before 
service,  and  the  rails  themselves  after  removal ;  that  all  the  sources  of 
error  which  Dr.  Dudley  admits  in  the  present  investigation  may  be 
removed,  and  that  enough  facts  may  be  gathered  and  tabulated  so  that 
the  conclusions  which  may  be  drawn  from  them  may  be  apparent  to 
every  one  without  labored  discussion  or  heated  argument.  But  I  ven- 
ture to  prophesy  that  after  this  investigation  shall  have  been  com- 
pleted, and  a  formula  adojjted  which  shall  be  satisfactory  to  both  man- 
ufacturers and  consumers,  that  formula  will  not  be  the  one  now  under 
discussion. 

I  hope  Dr.  Dudley  will  pardon  me  if  I  have  been  unduly  severe  in 
my  criticism,  and  consider  that  I  have  written  my  remarks  hastily  and 
at  a  time  which  should  have  been  given  to  needed  rest.  I  diifer  with 
him  only  as  regards  the  conclusions  which  he  has  drawn.  I  appre- 
ciate the  value  of  his  labors,  and  only  make  public  my  own  conclusions 
in  the  hope  of  contributing  to  the  advancement  of  the  science  of  steel- 
juaking,  in  which  we  are  all  so  deeply  interested. 

Dr.  August  Wendel,  Troy,  X.  Y. :  Dr.  Dudley's  last  paper  gives, 
certainly,  very  valuable  and  interesting  information  regarding  the 
wear  of  rails  under  different  conditions.  His  results  concerning  the 
composition  of  rails,  explode,  rather  startlingly,  some  old  theories 
regarding  the  wear  of  rails,  and  I  think  after  his  formula  is  simplified 
it  will  be  one  good  formula  to  \vork  by. 

As  he  now  arrives  at  the  same  conclusions  reached  in  his  first  paper, 
some  of  my  remarks  will  apply  to  both,  although  I  would  not  attempt 
to  add  anything  directly  to  the  distinguished  criticism  the  first  paper 
received. 

Regarding  his  silicon  percentages,  I  must  say  I  cannot  see  anv  rea- 
son why  they  have  not  been  disregarded  entirely  within  the  limits  of 
his  investigation.  In  following  Dr.  Dudley's  reasoning  in  the  use  of 
averages  and  applying  inductive  methods,  I  cannot  see  what  import- 
ance can  be  attached  to  this  element,  since,  in  his  first  investigations, 
the  good  and  bad  rails  averaged  nearly  alike,  and  in  his  last  series  the 
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rail.s  wliidi  wore  best,  showed  even  more  .silicon  tlian  the  had  ones.  I 
ret^ard,  therefore,  tlie  silieoii  an  inconsiderable  f'a«-tor  in  niakinj^  out 
the  phosplnH'u.s  units,  without  coiisiderin<;  here  the  actual  influence  of 
thi.s  element  on  hanhies.s, — an  influence  whif.-h  is  <j:reatly  overestimated 
ill  the  formula. 

With  regard  to  the  eti'ect  of  manganese,  I  cannot  agree  with  his  con- 
clusions. In  ordinary  working  with  full-blown  steel,  manganese  has 
more  or  less  the  function  of  carbon,  provided  the  spiegel  is  constant, 
and  coitsequently  should  not  be  introduced  into  a  fornmla  for  daily 
working  as  an  indej)endciit  coefficient. 

In  March,  l.S7o,  I  ma<le  a  rej)ort  to  my  employers  concerning  the 
unsatisfactory  working  of  steel  in  l>looiiiiiig.  ■  1  then  came  to  the 
conclusion  that  steel  ingots,  in  order  to  roll  well,  ought  to  contain  : 

Mn  =  0-8  (C  -f  I  Si)  -r  4  P, 
the.>^e  symbols  standing  for  the  respective  percentages  of  the  elements. 
I  maintain  to-day,  that  for  good  results  in  blooming,  this  percentage 
of  manganese  oua-ht  to  be  aimed  at  for  rail  steel.  For  this  reason  I 
would  sooner  luidertake  to  make  steel  according  to  Dr.  Dudley's  origi- 
nal formula,  viz.: 

Carbon.  ....     0-334 

Silicon,  .  .  .  0-060 

Phosphorus,       ....     0-077 
Manganese,  .  .  .  (»-l!»l 

than  according  to  the  one  in  w  liich  he  tries  to  make  concessions  to  the 
inannfacturei-s,  viz.: 

Carbon,  ....       ()-30 

Silicon,       ....  0-04 

l*hosj.hoius,       ....       O-IO 
Mang;ine.-ie,  .  .  ,  0-.")O 

Now  in  spite  of  all  the  progress  in  sttti  in;inufacture,  we  have  not 
sncc(>c<le<l  in  making  up  steel  by  prescrij)(ion,  and  what  would  there- 
fore bci-onie  of  the  ingots  in  which  manganese  for  .«ime  c-ause  or  other 
should  hajUKMi  to  fall  below  Dr.  Dudhw's  meagre  allowance?  The 
answer  will  be:  "  \\'orks  must  return  to  the  old  practice  of  h:\mmer- 
ing  ingots,"  but  I  doubt  very  much  whether  even  by  hammering  :i 
.sonnder  bloom,  antl  as  a  conse(|Uence,  a  better  rail  is  obtainetl. 

(Jei-man  government   ot!iei:iU  who  as  a   ruK'  are  not   h:»ppy  unless 

*  TnuisactioHS,  Vol.  IV,  page  364. 
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tliev  can  make  tliino-s  unpleasant  for  somebody,  must  have  got  liold  of 
Dr.  Dudley's  formula,  as  they  lately  insist  upon  steel  being  hammered. 
Xow,  there  is  not  the  least  doubt  that  some  of  the  steel  under  Dr.  Dud- 
ley's investigation  was  hammered,  but  I  do  not  deem  it  necessary  ta 
resume  that  practice,  if  a  larger  manganese  percentage  is  used. 

I  am  greatly  encouraged  in  this  statement  by  the  analysis  of  the 
rara  avis  of  the  series.  I  refer  to  the  one  showing  0*48  silicon.  I 
would  consider  it  sound  metal,  since  it  satisfies  my  ef^uation  regarding 
manganese,  and  still,  in  spite  of  its  increased  hardness  and  its  enor- 
mous phosphorus  units,  is  satisfactory  in  wearing  capacity. 

The  conclusions  of  Dr.  Dudley's  ingenious  experiments  seem  more 
simple  than  he  cares  to  admit,  and  could  be  condensed  by  simply  say- 
ing :  "  Use  iron  low  in  phosphorus,  and  do  not  make  the  steel  too  hard." 

Reo-ardine:  tests  of  steel  made  from  such  iron,  I  would  even  be 
more  stringent  than  Mr.  Sandberg.  Of  each  blow  I  would  make  a 
bar  about  one  inch  S(piare,  and  bend  it  cold.  It  should  not  be  so 
hard  as  to  resist  bending  to  the  shape  of  a  horseshoe,  nor  should  it 
be  so  soft  as  to  bend  180  degrees  without  showing  signs  of  fra(;ture. 
There  would  thus  be  obtained  a  quality  of  steel  that  would  more  than 
satisfy  Dr.  Dudley's  pretty  theory  of  infinitesimal  teeth  by  creating 
those  whose  tendency  would  be  to  neither  flatten  nor  to  bend.  I  think 
that  in  making  this  test,  and  supplementing  it  by  the  carbon  test, 
manganese  and  silicon  would  regulate  themselves  much  more  nicely 
than  anv  specification  could  efl'ect.  Every  steel  maker  knows  that, 
should  the  silicon  run  high,  the  heat  is  blown  too  short,  carbon  will 
be  increiised  consideraljly,  and  the  test  will  not  stand.  On  the  other 
hand,  if  manganese  is  high,  the  heat  has  received  too  much  spiegel 
(and  that  is  simple  awkwardness)  and  carbon  would  show  the  same 
result  as  above. 

In  conclusion,  I  should  think  that  railroad  authorities,  under  all 
circumstances,  would  prefer  the  steel  with  which  they  are  now  fami- 
liar, to  a  specimen  that  ]Mr.  Sandberg  has  described  as  having  broken 
into  seventeen  pieces  under  the  wheels.  After  blowing  such  low 
manganese  steel,  it  may  be  coaxed  into  a  rail,  and  it  is  a  wonder  that 
it  holds  together  so  long  as  it  does,  with  so  great  a  number  of  minute 
flaAvs. 

I  would  not  in  anv  way  depreciate  chemistry,  but  I  think  it  should 
be  kept  in  its  proper  sphere.  Let  the  chemist  look  after  the  quality 
of  pig  metal,  and  apply  common  sense  in  the  avoiding  of  extremes; 
then  the  most  fastidious  railroad  cannot  find  fault  with  the  result. 
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Professor  Egi.eston,  Xt-w  York  City  :  It  i.s  not  my  place  as  an 
engineer  to  apologize  for  the  chemists,  but  as  no  one  seems  disposed  to 
do  so,  and  as  they  have  had  more  than  their  sliare  of  criticism,  I  am 
glad  to  say  that  I  believe  there  are  chemists  in  this  Institute  whose 
work  and  word  is  just  as  relial)le,  and  perhaps  even  more  so,  than  that 
of  the  average  engineer.  But  we  ought  to  make  a  distinction  ;  there 
are  chemists  and  chemists.  With  tiie  ordinary  commercial  chemist, 
who  looks  Ujion  the  science  as  so  much  merchandise,  I  have  not  a 
particle  of  symjiathy  ;  ijut  with  the  chemist  who  looks  ujjon  his  pro- 
fession as  engineers  do  upon  theirs,  I  have  every  sympathv.  Wiiei^ 
manufacturers  and  engineers  go  to  a  chemist,  and  ask  him  to  make  an- 
investigation,  and  screw  him  down  to  the  lowest  point,  turning  the 
equivalent  of  his  brains  into  cents  and  mills,  they  usually  get  an  exact 
ecpiivalent  in  poor  work  for  miserable  pay,  and  no  one  has  or  should' 
have  any  sym])athy  with  them,  and  the  manufactui'cr  under  these 
conditions  has  no  right  to  ask  for  any,  and  no  reason  to  criticise  anv 
work  that  he  may  get  under  such  circumstances.  But  I  am  disposed 
to  think  that  the  chemists  who  have  been  represented  and  discussed  at 
this  meeting  do  their  work  conscientiously,  and  that  it  is  as  reliable  as 
that  of  almost  any  profession. 

I  believe,  however,  that  this  ])roblem  of  steel  rails  is  being  investi- 
gated in  the  wrong  direction.  I  said  so  at  the  Pittsburgh  meeting,^ 
and  I  think  the  discussion  of  this  meeting  will  prove  it  to  all  those 
who  liave  heard  it.  I  think  the  chemist  is  incapable  of  solving  this 
problem  unless  he  goes  very  far  into  the  domain  of  physical  chemistrv, 
so  far  that  it  becomes  pliysics  and  not  chemistry  ;  and  that  the  physicist 
will  be  the  one  on  Avhom  we  must  rely  in  the  ftiture  for  the  elucida- 
tion of  the  subject.  The  chemist  may  aid  the  ])hysicist,  but  it  is  mv 
decided  o])inion  that  wc  are  looking  in  the  wrong  place  to  get  the 
(  xplanation  of  the  j)hcnoniena. 

Attention  Avas  called  at  the  St.  Louis,  and  afterwards  at  the  Balti- 
more meeting,  to  the  fact  that  tiie  pounding  which  a  rail  receives  from 
the  falling  of  the  engine  from  a  high  rail  to  a  low  one  was  sufficient 
in  many  cases  to  account  for  eifects  which  have  not  been  explained  in. 
this  discussion.  This  statement  was  made  after  an  extended  observa- 
tion had  been  made  of  rails  laid  over  many  hundred  miles  of  railwav 
in  Europe.  ]>nt  if  it  is  true,  as  Mr.  Cloud  stated  in  his  papers  read, 
yesterday,  that  the  i)low  of  the  engine  is  repeated  nor  only  at  the  end 
of  the  rail,  but  every  time  the  driving  wheel  makes  a  revolution,  it 
Whole  ^To.  Vol.  CXI  I. — (^Tuird  Series,  Vol.  Ixxxii.)  8^ 
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will  ex])lain  much  of  the  giviinj-way  of  the  rails  over  their  whole 
length,  and  the  effects  of  these  blows  on  the  physical  condition  of  the 
steel  should  be  very  carefully  investigated.  It  was  shown  in  the  dis- 
cussion of  the  law  of  fatigue  and  refreshment  of  metals  at  the  meeting 
in  ]Montreal,  that  every  blow  Avas  accompanied  by  a  i)hysical  effect 
which  could  be  rendered  distinctly  visible.  The  blow  and  pressure  of 
the  gag  which  always  leaves  its  trace  on  the  rail  is  certainly  less  of  a 
])hvsical  effect  than  the  constant  and  rapidly  repeated  series  of  blows 
Avhich  the  rail  receives  from  the  continual  passing  of  trains,  yet  the 
gagging  always  injures  a  rail  and  sometimes  destroys  it. 

At  the  Baltimore  meeting  two  rails  Avere  shown  which  had  been 
placed  in  essentially  different  conditions,  and  which  had  been  subject 
to  a  cold  flow  of  the  metal  in  every  part  of  the  rail  even  to  the  very 
outside  of  the  foot.  ]Mr.  Metcalf  yesterday  showed  this  same  kind  of 
a  flow  in  rolls.  He  also  spoke  of  the  ignoring  of  the  copper  in  the 
analyses  of  steel  rails.  At  the  Washington  meeting  in  1870,  the  state- 
ment was  challenged  that  good  steel  rails  had  been  made  containing 
any  large  percentage  of  copper,  and  though  repeatedly  promised  the 
analyses  of  such  rails,  they  have  never  baen  jjroduced.  Some  years  ago, 
in  visiting  one  of  the  largest  steel  works  where  the  ingots  are  compressed, 
I  noticed  a  jet  of  blue  flame  passing  out  from  the  bottom  of  the  ingot 
mould,  which  T  at  first  thought  Avas  phosphorus,  but  which  I  after- 
wards determined  to  be  copper.  Certainly,  if  there  is  enough  copper 
in  the  rail  to  allow  of  its  becoming  visible  in  the  color  of  the  flame, 
there  must  be  enough  to  influence  its  physical  condition  and  its  life, 
and  we  cannot  afford  to  neglect  it. 

I  have  also  had  occasion  to  show  that  bubbles  produced  in  the  steel 
ingots  were  never  rolled  out  of  them,  and  that  if  they  were  once  in  the 
ingot  they  remain  in  the  rail  and  arrange  themselves  in  such  conditions 
that  they  were  sure  sooner  or  later  to  engender  a  weakness  in  the 
direction  which  the  cavities  take.  As  these  bubbles  are  never  rolled 
out  as  the  rail  wears,  they  come  to  the  surface,  and  the  rail  which 
shows  a  chemical  analysis  which  is  perfect,  becomes  imperfect  from  a 
physical  defect.  Every  one  who  is  familiar  with  the  breaking  of  metals 
in  a  testing  machine  has  been  made  aware  of  the  fact  that  these  bub- 
l)les  will  often  cause  metals  whose  analysis  is  faultless,  to  break  with  a 
very  low  tensile  strength,  while  a  piece  without  bubbles,  taken  from 
the  same  sample,  will  break  with  a  high  one.  These  bubbles  are 
sometimes  finer  than  pin-holes.     I  have,  in  investigating  this  fact  in 
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railroad  inat<iial,  occasionally  come  across  iron  an  1  ^tecl  which  were 
-o  (ati<i;ue(l  at  the  time  tliat  they  left  the  roll.<,  that  they  were  i-cally 
unfit  for  .service;  and  I  have  seen  new  rails  which  I  shoidd  not  feel 
justiHetl  in  placing  in  any  other  j)<)sition  than  on  a  side  track.  Tliis 
4jnestion  (»f  fati^ine  in  the  coni'se  of  manufiictnre  lias  not  been  dis<'n.<sed 
jit  all  so  far  a^  J  know.  I  took  occii-^ion  to  .-how  in  the  St.  Louis  meet- 
in^-,  that  a  rail  taken  from  tin*  Xorthcrn  Ifailway  of  France,  whiih  I 
]iad  the  plcasnre  of  examiniiii:;,  and  which  was  condemned  as  u"'>d  tor 
nothinir,  and  which  the  manufactnrei*s  were  oblige<l  t<i  replacr.  when 
brought  to  Paris  and  submitted  to  chemical  and  jdiy.-ical  tests,  |irove<l 
to  be  as  go(nl  as  any  rails  which  were  in  the  service.  These  kinds  of 
])]iysical  defects  are  the  ones  which  are  to  Ix'  looked  after ;  and,  in  faet, 
nearly  all  the  defects  for  which  a  chemical  solution  is  demanded  arc 
])hysical.  I  have  within  the  last  year  had  occasion  to  examine  mctals 
:nid  alloys  which  are  iatigncd,  and  find  that  while  chemically  the  >ame, 
they  act  physically  so  entirely  diti'erently  that  I  Iiojm-  at  -onie  future 
meeting  of  the  Institute  to  bring  the  matter  be-fore  you. 

I  am  at  a  loss  to  kn«jw  why  certain  chemical  substance-  which  we 
know  arc  in  the  iron  or  are  likely  to  be  there,  should  not  be  determine<I, 
iuid  their  effects  discussetl.  Copper  is  one  of  these,  sulphur  i-  another, 
titanium  and  vanadium  are  known  to  be  sometimes  there,  \\'hv  should 
not  the  effects  of  these  sul)stances  be  discussi-d  ".' 

Mr.  Metcalf  has  alluded  to  the  (piestion  of  occlude*!  ga>t-.  I  have 
had  occasion  to  show  ivccntly  in  my  laboratory  that  as  a  general  thing 
inetals  and  alloys  which  were  brittle  from  fatigue,  contained  a  nuich 
larger  amount  of"  gas  than  the  same  metal  which  was  not  fatiguiil.  I 
have  also  ascertained  that  the  metals  in  this  condition  go  into  soliui<»ri 
in  a  manner  cpiite  ditfcrent  from  those  not  fatigued.  1  think  al>o  tliat 
the  place  from  which  thesam|)le  is  taken  from  the  rail  will  make  >ome 
ilillerence  with  regard  {<<  the  i-e>iilts.  Some  one,  I  do  not  renicmbi'r 
who,  made  an  investigation  some  years  ago  upon  the  etlect  of  having 
the  rails  always  rolled  in  the  same  direction,  and  also  ot"  having  U'en 
rolled  backwards  and  forward.-,  and  showed  that  under  the  latter  courst 
there  were  of  necessity  weak  spots  s<'>niewhere  utar  the  centre  of  the 
rail,  yet  in  all  this  tliscussi<tn  the  methods  of  rolling  have  Ix'cn  passetl 
by  almost  in  silencv. 

-Mr.  SandU'rg  in  his  paper  mentions  the  idea  of  u-ing  a  ivgistering 
<lynamomcter  attached  to  the  i)unching  machines.  an<l  of  determining 
the  (piality  of  the  metal  by  the  resi>tance  which  is  shown.     I  think  the 
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first  idea  of"  this  kind  was  published  by  Professor  Langley,  then  of 
Pittsbnro'h,  who,  wliile  making  some  investigations  for  Messrs.  Miller^ 
Metcalf  and  Parkin,  announced  as  the  result  of  a  series  of  dynamome- 
tric  experiments  that  abrasive  resistance  was  the  term  which  should  be 
used  in  regard  to  steels  of  different  wearing  Cjualities.  I  have  had 
extremely  delicate  dynamometers  attached  to  the  instruments  of  pre- 
cision with  which  I  am  making*  tlie  investiration  on  the  fati'mo  of 
metals,  and  hope  soon  to  communicate  tiie  results  of  the  investigation 
made  with  them  to  the  Institute. 

I  wish  again  to  call  attention  to  the  fact  that  we  are  using  the  words 
"hardener"  and  "hardness"  without  any  real  idea  of  the  meaning  of 
these  words.  When  we  say  hard  and  soft,  as  we  have  been  constantly 
doing  during  this  discussion,  is  it  quite  sure  that  every  one  has  exactly 
the  same  meaning  in  his  mind?  Certainly,  when  hard  is  used  in  dis- 
tinction from  soft,  we  mean  not  the  capacity  of  wear,  but  the  capacity 
of  resistance  to  penetration,  to  fracture,  or  some  other  resistance,  and 
do  not  always  mean  the'capacity  of  resistance  to  abrasion  or  crushing, 
which  the  discussion  would  sometimes  seem  to  imply  were  the  only 
qualities  requisite  to  constitute  a  good  rail. 

J.  W.  Cloud,  Altoona,  Pa.:  I  would  call  the  attention  of  the  Insti- 
tute to  the  title  of  Dr.  Dudley's  interesting  and  valuable  paper, — 
"The  Wearing  Capacity  of  Steel  Rails  in  relation  to  their  Chemical 
Compositicm  and  Physical  Properties."  Here  are  two  separate  and 
distinct  questions :  1st,  The  wearing  capacity  of  steel  rails  in  relation 
to  their  chemical  content;  and,  2d,  the  wearing  capacity  of  steel  rails 
in  relation  to  their  physical  properties. 

The  discussion  has  been  almost  exclusively  confined  to  the  former 
question,  on  which  there  may  be  many  differences  of  opinion  in  matters 
of  detail  without  greatly  affecting  the  result.  The  latter  question  lias 
been  ignored,  and  I  wish  to  call  attention  to  it,  particularly,  Ijecause  it 
is  the  practical  question  after  all  from  the  consumer's  standpoint,  and 
because  the  paper  under  discussion  is  more  decisive  on  this  question 
than  on  the  other.  In  fact,  I  th'ink  we  must  admit  that  Dr.  Dud- 
ley has  established  his  main  point,  viz  ,  that  the  softer  steel,  physically, 
gives  the  slower  wear,  contrary  to  general  belief  among  engineers  in 
this  country. 

Of  course,  we  are  all  interested  in  the  whole  subject  from  ascientifitr 
standpoint,  but  as  the  discussion   has  been  participated  in  largely  by 
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iimnufactiirorsof  .steel,  with  a  UnsiDoss  aniimi.-,  and  a-  iIm-v  have  riidea- 
vored  to  (n-erthrow  Dr.  Dudley's  cheinieal  i-ecoinmeiidati<»ii.>  hceaiise 
they  are  necessarilv  the  nio.-t  vuluerahle  jxtiiits  in  the  j)a])er,  J  wish  to 
recall  attention  to  the  faets  of  the  jjliysieal  pntperties  as  heiii^i;  the  con- 
fiiiiner's  only  practical  iruide,  and  as  att'ordin<;  the  most  conclusive 
results  in  the  data  before  us. 

The  eonsiuner  of  steel  rails  cannot  test  every  Mow  cliciniraliy,  hut 
Jie  can  do  so  physically,  and  it  is  my  opinion  that  a  hemlin^-  test  of  a 
M  hole  rail  section,  say  three  feet  lon<r,  under  steady  prr-.-ure,  in>itead 
■of  a  drop,  with  a  specified  deflection,  without  crackin<;,  and  a  l<»ad  not 
to  be  exceeded  to  produce  this  deflection  for  ea<'h  rail  section,  will  l-e 
u  ijood  practical  test,  not  burdensome  to  manufacturers,  and  one  that 
^vill  insure  consumers  such  a  <leirree  of  softness  in  steel  as  they  may 
<lesire. 

Thev  should  not  attempt  to  dictate  to  nianut'aeUirer>  how  this  dejrrop 
^)f  softness  shall  l)e  obtained  chemically,  but  allow  them  lull  fn-edom 
to  do  as  thev  j)lease,  so  the  jtroper  phy>i<-al  |»roperties  are  iiad.  Fur- 
ther, we  are  now  in  possession  of  the  information  recpiisite  to  make 
such  specifications  with  the  certainty  of  j^reater  safety  a<  w<]l  ;is  moic 
<?conomical  results  in  the  life  of  rails. 

I  have  recently  had  opportunities  at  Altoona  to  see  otiier  and  very 
<'onvincin«>^  evidences  of  wear,  as  compared  with  physical  softness.  The 
locomotive  driving-wheels  probably  cause  at  least  one-half  of  the  wear 
of  rails,  and  tli<'  Ibrces  which  <;'o  to  wear  the  rail-  fi-om  the  tires,  nnist 
react  with  similar  intensities  on  the  tires  themselves.  We  therefore 
Jiave  in  drivin«:-whecl  tires  an  (»|)|tortunity  to  >ee  the  wear  in  a  more 
<'oncentrated  form,  so  to  sjteak,  or  with  rates  as  well  as  differences 
maiiiiified.  J  have  recently  tbund  ditlereni'es  of  one  inch  to  two  inches 
in  cireundereuce  of  two  tires  on  the  same  axle  when  eomiui;  to  simp 
ibr  turniuii-,  and  it  i<  invariably  evident  that  the  smaller  tire  is  nuich 
the  hardei",  the  chi|)s  I'roiu  it  Ixini;-  short  and  brittle,  while  chip-  from 
the  larner  tire  are  much  louder  and  tou>rher.  In  the  worst  ca-e  1  have 
observed,  vi/.,  two  in<'hc<  dilfcivnce  in  circinufercucc.  this  ditli-rtiicc  in 
hardness,  as  observed  from  the  cmtin>::.  was  more  marke<l  than  in  the 
other  cases.  Tires  are  alwavs  irronj)ed  in  sets  by  the  mamdacturers 
from  their  knowled_<re  of  the  chemical  otmposition  of  the  steel,  with  an 
attempt  to  get  th(»se  in  one  set  which  have  the  same  dej^ree  of  hard- 
ness, so  that  the  wear  shall  be  ecpial  all  around  ;  they  succihmI  i)retty 
well  on  an  avoraii-e,  but  I  have  bcL-n  notiui;-  the  exceptions. 
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Jacob  Reese,  Pittsburgh,  Pa. :  I  have  been  very  much  interested 
in  the  reading  and  discussion  of  Dr.  Dudley's  paper.  As  far  as  it 
relates  to  the  data  of  work  })erfornied  by  the  rails,  and  the  determina- 
tion of  their  physical  and  chemical  properties,  I  have  nothing  but 
commendation  of  Dr.  Dudley  to  express,  as  the  investigation  covered 
a  greater  range,  and  was  performed  with  more  care  in  detail,  than  any 
similar  work  which  has  come  under  my  notice.  But  I  beg  leave  to- 
differ  with  Dr.  Dudley  in  his  conclusions. 

What  are  the  factors  of  hardness?  Are  they  not  carbon,  silicon^ 
phosphorus,  and  manganese?  Now  it  is  an  undisputed  fact  among 
metallurgical  experts  that  pure  carbon  and  pure  iron  make  the  best 
steel  of  all  degrees  of  carburization,  and  for  all  purposes.  While  car- 
bon hardens,  it  also  strengthens  the  metal,  but  silicon,  phosphorus,  and 
manganese,  in  hardening,  make  the  metal  also  l)rittle,  and  are  injurious- 
in  any  amount.  Carbon  should  be  called  a  strengthener  ;  and  I  claim 
that  a  steel  rail  made  hard  with  carbon,  with  the  other  three  hardeners 
absent  or  reduced  to  a  minimum,  will  carry  a  greater  tonnage  than  any 
of  Dr.  Dudley's  soft  rails. 

But  until  the  basic  process  is  put  into  operation  in  this  country  we 
cannot  expect  to  produce  Bessemer  or  open-hearth  steel  without  the 
presence  of  silicon,  phosphorus  and  manganese,  in  considerable  quan- 
tities, and  I  greatly  doubt  the  possibility  of  reducing  the  ])ercentage  of 
any  of  them  by  the  present  jiractice  without  seriously  diminishing  the 
output,  and  correspondingly  increasing  the  net  cost  of  production  j. 
which  is  an  important  question,  since  the  increased  life  of  the  rail  may 
be  more  than  balanced  by  its  increased  cost. 

I  think  that  the  soft  rails  performed  a  greater  amount  of  work,, 
because  they  contained  a  less  amount  of  silicon,  phosphorus  and  man- 
ganese (brittlers,  if  I  may  so  term  them),  and  that  carbon  does  not 
reduce  the  wearing  capacity  of  rails.  I  believe  that  a  rail  made  by  the 
basic  ])rocess,  with  silicon,  phosphorus  and  manganese  reduced  to  a 
minimum,  and  containing  0"bO  carbon,  will  be  stronger  and  tougher, 
and  will  carry  double  the  tonnage  of  any  of  Dr.  Dudleys  soft  rails. 

(To  be  continued.) 


Pronunciation  of  Foreign  Languages.— The  Polyglot  insti- 
tute at  Paris  proposes  to  try  a  ])lion()graph  of  new  construction,  in 
order  to  teach  its  pupils  how  to  pronounce  corre(!tly  the  difficult  words 
of  foreign  languages. —  Chron.  Lidud.  C. 


An;.:.,  1881.]  />'     I'^'"  —  Boiler  Kt'jj/o.sioii.  119 


BOILER    EXPLOSION'    AT   (JAFFXEY   c^-   CO.'S    DYP: 
W01{KS.  IMIILAIM:L1'II[A.  .irxK  l.  IssL 


I'.v  W.  I')Ai;m;i-   \a:  Vax. 


A  cast  iron  M;it  hdili  r  lioa<l  only  two  indies  thick  \v<»nl«l  not  Ixj  con- 
sidered liv  an  c\|Miienced  engineer  stning  enougli  for  a  <•%  lindcr  boiler 
thirty-six  inches  in  diameter,  especially  when  the  rim  hy  which  it  was 
secnred  to  the  shell  plate  was  oidy  ]-i')'2~)  (1^)  inches  thicU",  with 
scarcely  anv  fillet  at  its  junction,  and  this  rim  heini;  ])laced  so  as  to 
project  into  the  >licll  ot"  the  Itoilcr,  when  it  should  have  projected  out- 
side, accordinn-  to  the  nsnal  practice. 

The  insntriciencv  of  snch  a  Koilei-  heail  was  priiveil,  with  fatal 
results,  on  the  Nt  of  tlii<  month,  at  the  dye  works  ot'  the  aliove-namecl 
linn.  riie  head  of"  this  boiler  blew  out,  killing  three  persons  and 
wounding  eight,  besides  damaging  property  to  the  anKumt  of  al)Oiit 
>>ir>,(l()(i. 

'I'Ik-  boiler,  which  was  new,  was  built  by  >[e.s.srs.  Sidebottom  it 
Powell,  of  Frankfoi<l,  l*hiladeli>hia,  for  (Jaffney  it  Co.,  and  was 
inspected  b\- a  Stejuu  Boiler  Insni'ance  and  Inspection  r'om|)any  on 
llie  iM  da\-  of  Mareli.  Issl.  and  test<'d  in  counectiou  with  two  similar 
ones  on  the  7th  (»f  the  same  month,  by  hydraulic  |)ressure  of"  ninety- 
live  |)onn<ls  j>er  npiare  inch,  and  was  passed  by  this  Insurance  and 
Inspection  Oompanv  as  capal>le  of"  carrying  a  working  steam  pressure 
of  •"ixtx-five  |»ouiids  jier  s(piare  inch  ab(»ve  the  atmosphere. 

l)nring  the  examination  ot"  this  comj)any's  inspector,  before  the 
( 'oronei-'s  Jurv,  he  stated,  in  answer  to  a  (piestiou  from  one  of  the 
jurvmen,  that  "  there  were  ipiite  a  uundx-r  of"  boilers  in  this  city  which 
had  cast  iron  heads,  and  tha.t  his  experience  had  taught  him  that  a 
concave  cylinder  boiler  head  was  stronger  than  a  flat  head."  Yet  he 
j)5L«sed  this  fiat  cast  iron  head  without  any  comment  at  the  tin>e  to  the 
attendant  owners  or  the  in>uranee  company  in  whose  charge  it  was 
placed. 

This  disc  of  r:i>t  iron  (the  boiUr  head  t  took  its  full  loa<l  of  al><)Ut 
.'10  tons  williont  anv  other  support  than  that  at  the  conutM-tiou  ot'  the 
rim  with  the  shell  of  tlu'  i)oiler. 

The  evliuder   head  of  a  sixteen    inch   diameter  engine  woidd  have 
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ibeen  made  one  inch  thick,  and  yet  this  boiler  head,  liaving  twenty 
times  the  area,  upon  which  the  pre.ssure  was  exerted  through  a  tliree- 
fold  greater  leverage,  was  but  twice  as  thick.  A  thirty-six  inch  engine 
cylinder  head  would  have  been  cast  hollow  concave,  or  eLse  stoutly 
ribbed  on  its  face;  yet  this  boiler  head  was  a  plain  flat  di.sc,  only  two 
inches  thick,  and  the  rim,  which  is  at  right  angles  to  the  head,  only 
1"625  (If)  inches  thick,  with  scarcely  any  fillet  at  its  junction,  and 
this  rim  being  placed  inside  of  the  boiler  the  steam  pressure  acted  on 
it  by  tension,  in  place  of  by  compre-ssion,  at  its  weakest  point.  Had 
the  pressure  acted  by  compression  on  the  rim  of  the  head,  it  ^vould 
have  resisted  nearly  twenty  per  cent,  more  pre.ssure  before  parting. 
An  examination  of  this  head  after  the  explosion  shows  that  it  was 
under  internal  strains  resulting  from  bad  design  as  to  form  and  pro- 
portion. 

It  is  a  well-known  fact  in  mechanics  that,  in  casting  plates  of  iron, 
if  one  part  is  less  in  thickness  than  the  larger  [)ortion  of  the  casting, 
•especially  when  two  surfaces  join  each  other  at  right  angles,  as  was 
the  case  Avith  this  boiler  head,  the  difference  in  cooling  wall  cause 
internal  strains,  in  some  cases  to  such  an  extent  that  when  a  casting 
becomes  cool  it  may  break  by  the  unequal  contraction  of  the  several 
parts,  without  any  pressure  whatever.  The  effects  of  these  strains 
to  reduce  the  ultimate  strength  of  the  boiler  should  be  taken  into 
account  as  an  important  element,  as  in  this  case  a  part  of  the  factor  of 
safety  was  already  expended,  by  reason  of  the  improper  construction 
of  the  boiler  head  in  this  respect. 

Another  great  defect  in  this  boiler  head  was  that  the  man-hole  plate 
•was  not  properly  fitted  to  its  seat  on  the  head ;  the  seat  w^as  a  planed 
surface,  and  the  man-hole  plate  was  a  wrought  casting,  so  that  in 
making  a  steam-tight  joint  between  the  two  a  strain,  was  induced  addi- 
tional to  that  due  to  the  improper  design  and  proportions  of  the  head, 
as  before  explained.  Had  this  boiler  head  been  made  concave,  and  of 
an  average  thickne.ss  of  1*25  {\\)  inches,  w^ith  the  convex  side  inward, 
with  a  round  man-hole  in  place  of  an  oval  one,  and  thickened  around 
the  same  on  both  sides,  I  have  no  doubt  whatever  it  would  never  have 
given  away ;  Init,  better  still,  it  should  have  been  made  of  wrought 
iron,  dished,  and  with  the  convex  side  projecting  from  the  boiler. 

Now  that  a  board  of  engineers  is  about  to  revi.se  the  boiler  inspec- 
tion laws  of  this  city,  would  it  not  be  well  to  add  a  clau.se  providing 
that  cast  iron  should  be  dispen.sed  with  altogether  in  the  construction 


Aug.,  1881.]  Auchinclo88'  Arrrof/inf/  JfdcJiinr.  ]  iM 

of  steam  boilers,  unless  so  einploycd  ;i.-  to  (••tntonii  witli  Wfll-kiiown 
aixl  approved  design  an<l  proj)ortions,  and  so  placed  in  the  boiler  as  to 
resist  the  greatest  amount  of  steam  jn'osiin-  with  the  least  amount  of 
ujetal  ? 

Tiie  writer  does  not  liohl  cast  iron  to  be  an  imj)roj)er  material,  but 
from  the  fact  that  its  proper  form  for  resisting  iieavv  j)ressures  is  not 
understood  l)y  the  majority  of  oin*  boiler  makers,  and  even  with  tiie 
most  skillful  moulders  a  i)erfectly  homogeneous  ca.sting  is  the  e.xcep- 
tion  and  not  the  rule.  The  thinner  a  easting  is  made  the  more  homo- 
geneous it  will  be,  all  things  beiug  equal.  Assuming  the  form  and 
<lesign  to  be  unexceptionable,  the  use  of  cast  iron  is  attended  with 
greater  risk  than  that  of"  wrou«i;lit  iron,  ainl  >hould  be  regulated  bv 
.sucii  judicious  proceedings  as  will  tend,  as  far  as  possible,  to  render 
its  employment  (which  is  often  convenient  and  desirabU')  sulliciently 
safe  to  be  unobjectionable  upon  the  grounds  above  referred  to. 

Philadelphia,  June  8th,  1S81. 


AUCHIXCLOS8'  A  Vi:U.\(  ii  .\( ;   .MA(  IIlNi:. 


The  Averaging  .Maehiiie  lor  l>ook-keeper's  Assistant)  gives  meehan- 
ii-al  e.xpression  to  an  important  branch  of  mathematical  science,  and 
i'uiploys  manual  instead  of  brain  w<»rk  in  the  pro<'e>^s  of  determining 
the  average  date  on  which  payment  falls  due. 

It  seems  odd  to  think  of  so  imponderable  an  element  as  an  (irrntf/r 
<hilc  being  determined  by  material  objects,  such  as  lea<len  baiU.  or  bit- 
<>f  metal,  and  being  weighed  out  like  arti<'les  of  merchandi>e.  Thi>, 
Jiowever  is  not  only  j)racticable,  but  tin-  a|>|)aratus  will  deicnniue  with 
unfailing  accuracy  the  average  dates  of  more  than  one  Imndiid 
a<-<'ounts  jH'r  hour.  It  re<|uii-i's  no  skilled  mathematician  for  it>  mani- 
pulati(»n.  as  the  sime  resiib-  < m  \»-  -ecureil  by  those  who  know  little 
about  tiie  use  of  figures. 

The  machine  is  exceitiingly  sim|>le.  It  consists  of  a  groovnl  plat- 
form, balanced  by  a  scale  biam  and  pan.  J'he  pan  is  so  coupled  with 
a  moving  couiUerweight  that  the  e(piilil>rium  <if  the  system  i-»  pre- 
j^erved  for  all  |»o>itions  of  the  |tan.  The  weiirhts  bear  to  each  other 
the  ratios  of  1  to  1(>  and  o|"  1  to  lOil,  so  that  they  mav  In-  UM-tl  to 
represent  units,  tens,  hundreds;  tens,  hundreds.  tli.iii~and- :  liiindrrd>. 
ihousiinds,  tens  of  thou>and>,  and  -o  «»n. 
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The  cri-ooves  of  the  platform  represent  tlie  days  of  the  month,  and 
the   notches   on   the   scale   beam   the  average  dates.     In  .solving  any 


problem,  the  weights  are  iirst  distril)uted  over  the  platform  so  as  to 
represent  the  several  purchases  made  on  the  respective  days.  The 
scale  pan  is  then  laden  with  an  amount  exactly  ecpial  in  weight  to 
the  entire  load  upon  the  platform.     After  the  machine  has  been  tluis 
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liidt'ii  llio  scaU'  |»aM  •^ImiiM  l»<'  moved  aloiiir  tli<'  -calf  lM*aiii  iiDlil  ir 
reaclie.s  a  j»<tiiit  wlicri-  tlic  \vci^:lits  arc  in  c<|Milil.iin.  The  roadiujr  <»t' 
tlic  scale  heaiii  ^ive.s  the  averai^c  date  of  the  jMiivliaxs. 

The  entire  process  re(|iiires  >o  little  tlioiii^ht  that  one  can  detcnniiic 
a  Iar<;e  miniher  of"  averages  without  Catigiie,  aiwl  <-aii  verity  the  work 
l)V  siinplv  glancing  a  second  titiu'  over  the  plattoriii  and  jian  for 
re-assurance  as  to  the  |»ro|)er  location  of  the  weiuhts.  After  the  >oiu- 
tion  of  any  ])rol)leni  the  weights  are  duMi|>ed  ami  screened,  thus  pre- 
paring  the  machiiie  for  thi-  iK-xr  >olutioii. 

It  is  curi(»us  to  note  that  the  same  machine  can  he  used  for  solving- 
a  great  varictv  in  simple  and  inverse  proportion,  hesides  many  others 
of  a  more  intricate  character,  all  ot"  which  may  he  deternuned  with 
the  greatest  rapidifv. 

UADlO-DVN.V.MK  S.     II. 
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Al)sti:ut  of  lA'ttiires  (ioliviTctl  before  the  Fninkliii  In.-<tiniie.  Miinli  In  an<l  17,  I66l. 

Continued  from  pajre  H5. 


\\ f  have  confined  (»urselvcs  thus  far  to  the  -im|tle  dvnaniic  laws  (tf 
radial  action  to  oi"  from  ccntro  ot"  energv  and  of  in<rtia.  I  hope  to 
satisfy  yon  tiiat  those  laws  are  suilicient  f"or  the  e.vplanation  of  all 
varieties  of  j>hysical  plienotnena,  and  that  ratlio-dynamics  i<,  there- 
fore, the  foundation  of  all  dynamics,  the  inivkiisai.  physical  x'ience, 
ol"  which  photo-dynamics,  thernio-dvnamics,  clectro-dvnamics,  cosmo- 
dynamics,  niolcculo-ilynamics  an<l  chemi-trv  are  hranchcs. 

Following  the  Haconiau  method,  I  will  lirst  lav  l>cfoi-c  vou  Mtnie- 
general  principles,  i'ollowed  hy  s(»ine  a<lditional  F.vcrs  to  which  I  have 
been  led  hy  applying  mathematical  principles  to  tlie  studv  ot"  radio-dv- 
naniics,  and  then  inter|)ret  those  facts,  in  the  h(»pe  of  making  them  help- 
ful towards  the  strengthening  of  hyjjothe.-^es  and  the  discovering  of 
new  facts  Ol-  laws. 

The  elements  of  physical  energy  are  mass,  m,  and  velocitv,  r.  The 
total  energy  <»f  any  t"orce  is  called  its  rix  vim,  or  living  force.  It  is 
measured    hy  the  imrl:   that    it    is  ahl(>  to  accomplish  again>i  unifurm 

resistance,  and  is  rcprc-i'iited  hv 

•) 

La    riace   dcliiud  vt'li»city  as   "the    ratio  ot'  the   space   to  the  time 
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<,'mp](jyed  in  (le.scribing  it."  In  recent  dynamical  treatises  the  space 
traversed,  or  length,  is  represented  by  /;  time  of  traverse,  by  t ;  velo- 

<;itv,  l)v      ;  enerirv,    bv 

■      t  ■■        •      fi 

The  greatest  or  controlling  energy  must,  of  course,  be  represented 
by  the  })roduct  of  the  greatest  mass  by  the  square  of  the  greatest 
velocity. 

The  greatest  mass  of  which  we  have  any  practical  knowledge  is  the 
mass  of  the  Sun,  J/y ;  the  greatest  centripetal  acceleration  is  the  force 
of  gravity  at  Sun's  surface,  6^^ ;  the  greatest  velocity  of  wave  })ropa- 
gation  is  the  velocity  of  light,  or  the  velocity  of  radiation,  T"j,  at  the 
seat  of  greatest  centripetal  acceleration. 

Action  and  reaction  being  equal  and  in  opposite  directions,  w'e  may 
reasonably  look  for  some  simple  relation  between  the  centripetal  and 
<^entrifugal  maxima,  (tq  and    I'^. 

If  Ave  regard  Sun's  radiating  enerirv  as  an  action,  its  reaction  must 
be  dependent  upon  its  inertia,  or  mass. 

Tlie  velocity  of  projection  against  uniform  gravitating  resistance  is 
represented  hy  gt,  t  being  one-half  the  timeof  flight.  The  height  of  projec- 
tion is  "l —     The  height  of  })rojection  which  would  give  the  velocity 

of  "vvave  propagation  in  an  elastic  medium  is  one-half  the  "height  of 
ii  homogeneous  atmosi^here  "  of  the  medium. 

Every  particle  of  the  Sun's  surface  is  continually  solicited  by  gravi- 
tating tendencies,  Gq  and  G^,  towards  its  own  centre  and  towards  the 
centre  of  the  universe.  In  each  solar  rotation  the  particles  are  alter- 
natelv  projected  from  and  drawn  towanls  the  centre  of  the  universe, 
C\.  [ 

We  may,  therefore,  let  T^,,  =  i  solar  rotation,  represent  the  time  of 
cyclical  equality  of  action  and  reaction  between  .solar  inertia  and  uni- 
versal inertia,  or  between  .solar  gravitation  and  a^thereal  undulation. 

Then  L^  =  G^  T^^  is  the  height  of  a  homogeneous  sethereal  atmos- 
phere, at  Sun's  surface,  which  would  have  a  velocity  of  wave  propa- 
gation equivalent  to  the  velocity  of  light ;  — '^  =  V^  is  the  velocity  of 

light. 

All  forms  of  energy,  mechanical,  thermal,  photic,  electric,  magnetic 
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(ir   clicniiiiil,  arc   <l<ii\«(l  l'n»iii   ami   <aii   1m*  coinpanMl  with  the  inaxi- 

Miiirii   ciierirv,   ^-"^.*i. 
7'- 

1.  All  asti«iii<»Miit':il,  liaroiiMtrir  or  <ith(.'r  iiic«-liaiii<-al  c-?tiniat<<  <■(' 
.'oiar  iiia.-.s  ami  distaiice  involve  the  jiroportioiiality,  fj  v.    ^    . 

'1.  TIk'  arhitrarv  units  of  th(*rnirMiyiiaiiii<'s  arc  hasc*!  uj)on  the  work 
<lone  ai;ainst  the  centripetal  aeeelei-alions  <tt'  sMperlicial  terrestrial  jrra- 
vit\'.  The  unit  of  acceleration,  or  the  sum  of  ac<'elenitions  in  unit  of 
time,  at  unit  of  distance,  is  jjroportioned  to  mass.  Therefore,  if  we 
desif^nate  Karth's  ma.ss  hy  m^,  we  have  the  j>roj>ortiou 
J/j,    :    i/»3  1 ',   :    //.; 

I'„  is  the  velocity  ac(jinfed  durini;  th«;  cycliciil  actions  and  ren<'tions 
of  s»»lar  condensation  and  a-thereal  <*Ia>ticity,  at  Sun's  surface ;  ",  = 
•")(|"j")8  mil*.'  is  the  veltK'it\'  a<'(|uired  durin<r  the  cyclic:il  actions  and 
reactions  of   water  conu;elation    and  \  aiiori/atiou    at    Karth's   surface. 

l»ividin<r  l>y  I  ].s()  for  the  j'ahrenheit  s<'ale,  or  hy  I  UK)  for  the 
(  entiijrade  scale,  we  have  the  arbitrary  units  of  velocity,  •O421o(>  mile 
f<.r  1°F.,  •or)(>o.",,S  niile  for  TC  The  eijuation  1'=  I  2vA  .jiv.-A  = 
77-J  ft.  for  r  v.,  or  1:J85»(>  ft.,  =  424  metre.s,  for  l-(*. 

("omhinin;;  these  heii:ht>  with  the  arhitrary  units  «»f  nuu-.-,  we  have 
./,  =  772  ft.  1I)H.,  ior  the  Knudi-h  thermal  unit,  and  C,  =  424  kilo- 
j;rammetres,  for  the  calorie  or  I'^rench  thermal  unit. 

.">.  TlieiMial.  mechanical   and    photo-dynamic  cner^ii's  may  U"  com- 
|iared  with  enerj:;ies  (»f  chemical  coudiination,  throu:;h  the  ratios 
-Vy    :    »(;,    ::      I',    :    ",    ::    //.,    ;    /*, 

I'.arth's  mean  »listance  fn>m  Sini,  or  hei;^ht  of  >olar  j>rojirtion,  {«* 
rejiresented  l>y  Ay  ;  h^  is  ]  ol'  ;'|  ol*  tin-  hciLrhi  to  which  water  vapor 
would  he  thrown,  aj^ainst  the  retardation  of  gravity,  l>y  the  conibiniri;^ 
eneriry  of  oxvjjjen  and  hyilroi^en,  the  two  cttn.-.titu«uis  of  water ;  ]  is 
I  he  lenirth  of  a  conical  pendulum  which  would  vihrate  in  the  sjiuh; 
time  as  a  lini'ar  pendulum  of  unit  Icuj^th  ;  ;';  is  the  ratio  (»f  r'm  viv<i  of 
wave  propagation  to  the  mean  r/.v  rirti  of  the  osi-illatinu:  partieles-  whicli 
originate  the  wave-. 

4.  ("osmieal,  eU<'trical  and  pholo-dyuamic  energies  mav  iHM'ompareil 
hy  means  of  the  ratio 

J/„   \\,v^    :    m,   r„-      :    //j,   l'„-        «jj   1*,,  r , 

Sun,  J/^„  i>  at  the  trntre  ol"  nu<'leation  in  the  ndar  system  :   P^trtli. 
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/»3,  at  the  centre  of  condensation  ;  Juj)iter,  in-^,  at  tlie  nebular  centre; 
^3  is  Earth's  aphelion  or  "nascent"  orbital  velocity, 

5.  The  electro-static,  magnetic  and  electro-kinetic  units  of  energy 
•can  all  be  derived  from  the  above  expression  for  Earth's  photo-dyna- 
mic energy,  m^  V^;  =  ^;^--^-,  through  the  equations  [c  E^  =  \_m  SJ] 

=  Ip  C-]  =  ^. 

The  bracketed  symbols  represent,  rcs[)ectively,  quantity  of  electri- 
■city ;  line  integral  of  electromotive  force,  or  electric  ])otential ;  quan- 
tity of  free  magnetism,  or  strength  of  a  pole ;  magnetic  potential  ; 
electro-kinetic  momentum  of  a  circuit ;  electric  current. 

6.  Atomic  energy,  or  energy  of  unit  volume,  can  be  compared  with 

Earth's  iihoto-dvnamic  energv  of  unit  volume,  — ? — -  == 'i—,  and 

with  corresponding  electric  energies,  through  the  equations 

The  bracketed  symbols  represent,  respectively,  electric  displacement 
(measured  bv  surface  density) ;  electromotive  force  at  a  point ;  mag- 
netic induction;  magnetic  force ;  current  electric  intensity  at  a  point ; 
vector  ])otential  of  electric  current. 

7.  Electro-chemical  and  electro-magnetic  energies  may  be  com])ared 
with  thermal,  photo-dynamic  and  other  energies  through  the  proj)or- 

tion 

y.  :  n.  ::  J/,//  :■:  31,,  v. ^  :  w^t^-  X  Wo  T7 
I  designate  Weber's  units  of  electro-chemical  and  electro-magnetic 
force  by  /.  and  ij.,  respectively ;  /.,  is  the  time  of  acquiring  orbital  velo- 
city, or  incipient  associative  energy,  at  Laplace's  limit  of  equal  veloci- 
ties of  rotation  and  revolution  ;  t^  is  the  time  of  acquiring  nucleal 
nascent  or  dissociative  velocity.  The  ratio  of  t^  to  t^  is  the  same  as 
the  ratio  of  the  diameter  of  a  circle  to  its  circumference,  1   :  7i. 

8.  Total  magnetic  force,  ^y,  can  be  compared  with  the  reactions  of 
terrestrial  magnetic  force,  c.^,  by  the  pro})ortion 

J/,-    :    t:'  m{    : :    (f^   :    cr 3 
The  reactions  of   orbital  tendency  are  t^  i/o's  ^n  ^"3'-?  respectively. 
Centripetal  undulation  varying  as  the  fourth  power  of  orbital  velocity, 

we  have  the  ratio  t.^  J/^'  :  t^   '"3^  ^^'  -^^u"  ■  ""*  "^s"- 

9.  In  the  actions  and  reactions  between  the  centre  of  nucleation,  J/^, 
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and  tlio  centre  of"  condensition,  /;«.;,  there  are  continual  tendencies 
towards  the  centre  of  t^ravity,  tlie  centre  of  lineid  osciHation  and  the 
centre  of  conical  oscillation,  as  well  as  to  centripetal  and  ori)ital 
motions.     These  are  all  .satisHed  by  the  proportion 

J/„   ;    m^    ::    (2x3X4)*   :    1'    ::    331776    :    1 

In  order  to  show  the  closeness  of  accordance  between  the  theonti- 
<'al  results  and  tliose  which  have  been  deiluct-d  fnjni  observation  or 
experiment,  I  make  the  following  comparisons: 

1.  The  theoretical  oscillatory  value  of  Sun's  ma.-s,  (!)),  gives  D'J,- 
7.S.3,70U  miles  for  Sun's  distance ;  .S'-SUiJ"  for  Sun's  parallax  ;  2o-4tt(J 
days  for  Sun's  rotation  ;  2J>1>,1U3  kilometres  per  second  for  the  vehx-ity 
of  light.  These  values  differ  by  less  than  ^^jj  of  (»ne  per  <-ent.  from 
Faye's,  Mi<-helson's  and  La  Place's  estimates. 

'1.  riic  diflerence  between  the  theoretical  and  cxperiment:d  ilnrm<)- 
(lyii:iiiii<-  velocities  is  less  than  'l  of  one  per  cent.  IVrhap-,  w  Ik-m  j>n>- 
pcr  allowances  are  made  for  the  temperatiu'e  at  which  the  experiments 
were  j)erformed,  the  accordance  will  be  found  to  be  exact. 

3.  The  diflerence  in  the  combining  energy  of  hydrogen  and  owl^lu 
is  less  than  .^\-  of  one  j)er  cent. 

4.  The  diflerence  in  Earth's  "  nascent  "  velocity  is  less  than  j\  of 
<)ne  j>er  cent. 

"),  <!.  'j'hc  diflerence  which  is  indiratetl  by  the  latest  electro-dvnamic 
:uid  cltctro-magni'tic  investigations  is  les.-s  than  ^^  of  one  per  cent. 

7.  W  clufr's  experimental  determination  of  the  elei'tro-chemical  unit 
A\;is  :  of  one  per  cent,  greater  than  the  theoretical  value. 

5.  The  experiments  of  doule  and  others,  in  Great  IJritain,  upon 
magnetic  action  and  terrestrial  reaction,  indie:ite  a  differencv  of  about 
1|  j)er  cent,  in  the  estimate  of  Sun's  mass,  and  ^jV  of  one  per  cent,  in 
the  estimate  of  Sun's  distance. 

I  have  been  obligetl  to  use  many  technicid  terms  and  e<piatioiis 
\\hich  are  iloui)tless  new  to  most  of  you,  but  you  can  all  .>ee  ln»w  clo>e 
i>  the  agreement  of  the  values  whieh  are  deriveil  mathematical Iv  from 
.•simple  radio-dynamie  action,  with  those  which  have  Wv\\  obtaineil 
experinjcntally  by  the  mo>t  careful  observers.  You  will  have  noticeil 
how  otten  I  have  called  your  attention  to  evidenivs  of  the  fourth  fun- 
tlamental  law,  which  is  generally  known  as  "  Fourier's  The^trem," 
viz.;  every  peritKJic  viln-'.iting  or  orbital  motion  can  be  rc«rardcd  as  the 
>um  of  a  certain  number  of  pendulum  vibrations. 

To  illustrate  this   law  1  have  prepared  a  stretcheil  conl.  to  which  I 
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liave  suspended  three  balls,  at  equal  intervals,  by  strings  of  equal 
length.  I  set  the  middle  one  swinginir,  and  you  see  how  it  gradually 
imparts  its  motion  to  the  two  lateral  balls,  and  comes  to  rest  itself. 
Now  the  side  balls  are  losing  their  motion,  and  the  middle  one  takes 
it  u])  again,  until  it  swings  almost  as  far  as  at  first,  and  its  companions 
hang  motionless.  These  alternations  continue  until  the  resistance  of 
the  air  overcomes  the  motion,  and  the  balls  are  all  quiet,  as  at  the 
beginning.  The  motion,  however,  has  not  ceased  ;  it  has  merely  been 
imparted  to  the  air,  and  by  the  air  to  the  fether,  so  that  we  do  not  see 
it,  and  we  are  unable  to  follow  it  throuo-h  all  its  changes. 

When  the  regularly  recurring  vibrations  of  an  elastic  medium  are 
transmitted  to  the  ear  through  a  suitable  medium,  they  i)rorluce  the 
sensation  of  sound  ;  if  the  interval  between  the  succ&ssive  vibrations 
is  short  enough,  the  soiuid  is  musical.  We  may  distinguish  between 
the  music  in  the  sounding  body  and  the  music  which  we  hear.  A 
bell  may  ring  when  swung  by  the  wind,  but  it  will  give  no  sensation 
of  sound  unless  its  vibrations  reach  the  drum  of  the  ear  with  energy 
enough  to  make  it  vibrate.  I  strike  this  tuning  fork,  but  you  hear 
nothing  except  a  single  ring.  I  bring  it  near  the  opening  of  this 
wooden  box  and  the  oscillations  of  the  fork  are  imparted,  first  to  the 
air,  then  to  the  wood,  and  the  note  of  the  fork  is  sounded,  loud,  clear 
and  musical. 

It  is  not  necessary  that  the  unison  should  be  exact,  or,  in  other 
words,  that  the  fork  and  the  resonator  should  make  the  same  number 
of  pendulum  swings  in  the  same  time.  If  the  vibrations  coincide  at 
intervals  which  are  so  short  that  the  ear  cannot  distinguish  between 
them,  one  body,  for  example,  making  three  vibrations  and  another 
two  in  the  hundredth  part  of  a  second,  both  sounds  are  said  to  be  har- 
monious. Whenever  any  elastic  medium  is  vil)rating,  its  waves  tend 
to  ])roduce  harmonic  vibrations  in  all  bodies  which  they  strike. 

1^  the  elastic  force  of  the  aether  is  more  than  a  million  million 
times  as  great  as  that  of  the  air,  its  musical  rhythm,  if  our  ears  were 
sensitive  enough  to  hear  it,  should  be  of  a  far  higher  order  than  that 
of  any  earthly  choir.  Chemical  atoms  and  molecules,  the  particles  of 
heated  or  electrified  bodies,  satellites,  planets,  suns,  stars  and  nebulse, 
all  interce])t  the  luminous  waves.  Plence  there  should  be  a  continual 
tendency  to  relative  positions  which  would  make  all  the  motions  har- 
monic, or  rhythmical.  Such  a  tendency  is  shown  in  atomic  weights, 
spectral  lines,  mechanical  equivalents  of  heat,  the  various  phenomena 
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of  (;l(*cti"()-<l\ii;iini(>,  tlie  rehitivc  |Mi>iti(»ii.-  <»!'  .-:it<'llitc.->,  :i-t<'i<>i(l.s  and 
planets,  ;iii<l  the  l»<iii<ls  of  iiiiioii  Ijctwccii  our  <t\vii  sy.-tciu  aixl  the 
nc'irest  of  tin-  lixcd  stars.  The  tnitli  (tf  the  ra(lio-<lyiiaiiii<-  liyj»oili(?- 
si.s  lias  Ik'C'Ii  fiirtli<T  coiifii-iucd  l»y  tlic  iiulicatioii  or  j)rc'<liction  of  liar- 
luonic  nodes  hcyond  .\<'|)tiinc,  as  wx-Il  as  between  Mercury  and  the 
Sun,  fourteen  of  which  have  been  >ui»se(juently  corroborated  by  the 
calculations  of  various  European  and  American  astronoinei*s. 

If  you  throw  a  l)all,  or  tire  u  ])r(>jectile  U|)wards  into  the  air,  it  will 
continue  to  rise  until  th('  resistance  of  the  air  and  the  attraction  of 
trravitation  have  overcome  the  velocity  of  projection.  If  there  were 
no  air,  and  no  resistance  to  the  u|»ward  flitrht  except  <;ravitation,  the 
I'clation  of  j»i-ojcctilc  vclocitv  to  trravitation  and  height  of  ])roiectiou 
\\T»uld  be  represented  by  the  e«|uation 

r  =  \  Jf/ji  <  r  > 

The  relation  ot"  velocity  to  time  of  rise,  or  t<»  the  eipial  time  of  lall 
would  be  reproeuted  1)\' 

r  =  ///  ( '1 1 

In  solai'  rotation  eaeh  particle  is  alternately  j)rojceted  from  and 
drawn  towards  the  miiversal  centre  of  i,q-avity.  Substituting  the 
('(piatorial  values  of  y  and  /  in  ((piation  \'l),  we  lind  that  v  is  tlir  i-r/rt- 
riti/  of  lit /III . 

The  circular-orbital  veloeitv  ot"  a  particle  at  Siui's  surface,  r„,  [.s 
connected  with  the  velocity  of  rotation,  r^,  and  the  veloeitv  of  light, 
Ta,  bv  the  ei|uation 

-'•■='\'\  (-0 

The  velocity  ot'   a    particle,   at    any    distance    whatevt'r   from    anv 

attracting  centre,  can  be  deduced  from  e(pialion  (3),  by  means  i>f  the 
eleventh  fundamental  law,  that  centii|>etal  ac<-elerations  varv  directly 
as  the  mass  and  in\<r>elvas  the  -quare  of"  the  di>taiice.  I  leuci-  we 
see  that  all  <ir(irH(diiui  rrloi-ilits  art  lUjniutcitt  un  Ihr  niocifif  <>/  lif//i(^ 

The  distribution  and  motions  of  the  principal  jdanetarv  masses  are 
also  dependent  upon  the  same  velocity.  The  largest  planet  is  .lupiter, 
which  is  m<»re  than  twice  its  large  as  all  the  other  planets.  The  mean 
centre  of  gravity  of  the  solar  system  is  therefore  the  same  as  the  mean 
<'entre  of  gravity  of  Sun  and  .Fu|)iter.  The  next  planet  in  point  of 
magnitude  is  Saturn,  which  i<  moie  than  two  and  ihrce-toju'ths  times 
as  large  as  all  the  remaining  planets,  and  which  is  jvlacctl  at  the  nebu- 
lar centre  of  planetary  inertia.  When  the  jnimitivc  planetary  U'lt. 
was  succi's-ivi'ly  divided  into  inter-asteroidal  and  extra-iusteroidal  U-Its, 
Whole  No.  Vol.  C'XII.— (Third  Skri»>,  Vol.  Ixxxii.)  ti 


130  Chase — Radio-Dynainics.  [Jour.  Frank.  Inst.,. 

t\vo-j)lanet  belt.'*  and  single-planet  belts,  the  amount  of  inertia 
remained  unchanged.  Bnt  in  these  divisions  the  rectilinear  propaga- 
tion of  luminous  waves  has  been  changed  into  the  synchronous  oscil- 
lations of  conical  pendulums,  introducing  the  length-ratio  of  4  to  1  ; 
the  synchronous  oscillations  have  been  changed  into  orbital  oscilla- 
tion.s,  in  which  the  time  varies  as  the  f  power  of  the  distance ;  nebu- 
lar radii  have  given  place  to  radii  of  sub.sidence-collision,  which  are 
only  f  as  great ;  and  centripetal  tendencies  vary  as  the  fourth  poAver 
of  orbital  tendencies.  If  we  designate  Saturn's  mass  by  m^,  and  the 
mean  velocity  of  rotation  of  the  centre  of  gravity  of  the  solar  system 
by  r^,  these  changes  and  their  dependence  on  the  velocity  of  light  are 
shown  by  the  proportion 

431,:  i^Ym,   ::   V,    :  r, 
Bessel's  estimate  of  the  comparative  masses  of  Sun  and  Saturn  was 
Mq  =  3501'6  Wg.     Substituting  this  value  in  the  above  proportion, 
we  find 

v^  =  141815  V, 

The  most  accurate  estimate  that  we  are  able  to  make  of  r^  is  1 '31405 
miles  per  second.  This  velocity,  which  is  so  readily  deduced  from  the 
velocity  of  light,  is  also  the  wave-velocity  which  rtpresents  the  conversion 
of  water  into  vapor. 

Let  d  represent  the  latent  heat  of  steam,  then  well-known  laws  of 
thermo-dynamics  give  us  the  equations 

Vg  =   1    2gh 

d  =         ^' 
1389-6 

Solving  these  equations,  we  find 

h  =  750,098  feet. 

d  =  539-794  C. 

Among  the  various  experimental  values  which  liave  been  obtained 

for  d,  the  following  are  generally  regarded  as  the  most  tru.stworthy  : 

Favre  and  Silbermann,  ,  .  535*77° 

Andrews,  .  .  .  535*90° 

Eegnault,      ....  536-67° 

Tyndall,  .  .  .  537-20° 

Despretz,       ....  540-00° 

Dulong,  .  .  .  543-00° 
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Accordiiijr  to  the  kiin'tic  theory  of  *«r:iH's  tin-  intonial  iiiov<iiifiits  ot' 
tliC'  |);ii-ticlcs  of"  stciiin  an;  i-cctiliiicar.  Wlieii  tlic  ."^tcam  is  coiKlj'ii.-ejl, 
ill  the  form  of  water  or  ico,  tlie  internal  encrjziie.s  tend  to  maintain  a 
.•^|)lic'rical  fij^nrc.  Tlie  .synclironons  oscillations  of  the  two  conditions 
may  be  represented,  accordini^  to  Fonrier's  theorem,  hy  linear  and 
<-onieal  jMiidnliims.  Tin;  hei;_dit  to  which  the  vapor  would  i)e  projectjnl 
ahove  the  water  level  l)ein<r  i-epi-esented  hy  750,098  feet,  or  142"(J(>4 
miles,  the  len<:;th  of  the  conical  j>endnlinn  is  ^  as  i^n.-at,  <»r  47'.'*o5 
miles,  and  the  len<rth  of  the  linear  penduhmi  is  ^  as  great,  or  l8J>*41!> 
miles.  'J'hc  heat  of  sphericity  shoidd  be,  therefore,  ^  of  the  latent 
b«  at  of  steam,  <»r  17!»lj:)°.  I)e<hictin«;  100°  for  the  expansion  of 
\\ater  from  the  freezing  to  the  boiling  point,  we  have  7})*i)3°  for  the 
*•  latent  heat  '  of  ice,  or  more  jiroperly  sj)eal<ing,  for  the  heat  which  is 
reijuired  to  overcome  the  crystallizing  energies  of  water,  'i'he  follow- 
ing values  have  l)een  obtained  experimentally  : 

De-saiiis  and  Dela  Proxostaye,  .  .      7'.<"25° 

IJlack,      .  .  .  .  7!>-44° 

JVr.«^on,  ....     80-00° 

He.ss,        ....  80-34° 

The  combined   influence  of  photo-dynamic  vi.s  rim  and  the  nebular 

'*  sui)sidenee "   which  was    |>ointed    out    by  Ilei-schel,  is   shown    in    the 

]>ro|>ortion 

1-01 050-  :  i^y   ::    m,  :   m. 

The  radius  of  incipient  subsidence  for  Neptune's  orbit  (Law  1(», 
]».  <)1  I  is  I-OIOOO;  ji  is  the  ratio  (»f  the  ris  rim  of  wave  pro|)agation 
to  the  mean  ris  rirti  of  oscillating  particles  (Law  '_'"_',  |).  (ii'i.  If  we 
.substitute  Vessel's  estimate  ibr  in^  in  tin-  above  pr<>|>ortion  we  find 

-[•{):]] -M'^  :    -■*    ;:    !__    :  ^ 

SI         1047-})        3501-« 

If  we  take  Stockwell's  estimate  of  Neptune's  radius  of  inci|»icnt 
subsidence,  LOHO,  we  get  J/„  =  10.50  ;«..  licsscl's  estimate  w:u» 
1()I7'S7!);  Leverrier's,  lOOO.  The  ditferencc  between  the  twt)  esti- 
mates is  only  1  of  oni'  per  cent.  Jiessel's  is  the  one  which  is  adopted 
by  the  British  and  American  Naiitical  Ahnanacs.  but  the  reputation 
of  Stock  well  and  Levcrrier  siems  to  render  it  |)iob;il)le  that  tlu-  true 
values  may  be  iiuenncdiatc  between  the  two  which  are  here  <;iven. 
The  j)hoto-dynamic  relations  of  ma.ss  and  distance  iMH-ome  still  more 
striking  wIumi  we  find  that  the  incipient  subsidence  at  the  nebular 
centre,  Jupiter,  is  at  a  mean  proportionate  distamv  between  the  centre 
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of  eondensation,  Earth,  and  the  incipient  subsidence  of  the  primitive 
planetary  belt,  Neptune.     This  is  shown  by  the  proportion 
1    :    5-52    ::    5-52    :    30-47 

If  we   represent   Earth's   semi-axis   major   by  1,  Jupiter's  secular 
aphelion  is  5'52,  and  Neptune's  secular  aphelion  is  30*47. 

These  comparisons  might  be  extended  almost  without  end.  We 
have  now  surveyed  the  whole  field  of  physical  science,  and  have  found^ 
in  every  direction,  that  all  possible  physical  energies  can  be  expressed 
in  terms  of  the  greatest  and  most  ]>ervasive  energy,  through  the  mas& 
of  the  Sun  and  the  velocity  of  light.  Simple  gravitation,  solar  rota 
tion,  nebular  subsidence,  orbital  revolution  and  all  other  gravitating 
motions,  cosmical  aggregation,  the  distribution  of  planetary  masses^ 
the  establishment  of  centres  of  inertia,  condensation  and  nucleation,, 
evaporation,  crystallization,  heat,  mechanical  work,  barometric  pres- 
sure, atomic  energy,  chemical  combination,  electricity  and  magnetism^ 
are  all  so  simply  connected  by  the  universal  laws  of  action  and  reac- 
tion in  elastic  media,  that  they  all  furnish  ready  methods  for  estimat- 
ing the  mass  and  distance  of  the  Sun  and  the  velocity  of  light. 


THE  PROPERTIES  of  AIR  RELATING  to  VENTILATION 

AND  HEATING. 


By  Robert  Brig(is,  C.E. 

Rejirlntt'il  t'roin  tlie  Sanitarij  Eii;/ini'er,  witli  additions  ])y  tiie  autlior. 


The  surface  of  the  earth  is  covered  by  a  gaseous  body,  some  forty 
or  fifty  miles  in  depth,  which  is  called  the  atmosphere.  Chemistry 
has  discovered  and  isolated  various  gases,  some  of  which,  so  far  as 
further  separation  is  concerned,  may  be  deemed  elementary,  while 
some  are  chemical  compounds  of  definite  ])ro]ji)rtions  of  other  elemen- 
tary gases  and  bodies.  In  some  cases  bodies  which  in  their  elemen- 
tary form,  at  temperatures  subsisting  in  nature,  are  solid,  become  por- 
tions of  chemical  combinations  as  gases  at  similar  temperatures. 

The  atmosphere  is  composed  mainly  of  a  mixture  of  two  elemen- 
tary gases,  together  with  small  but  appreciable  quantities  of  two  other 
gaseous  bodies,  products  of  combustion;  beside  other  gaseous  bodies  of 
various  kinds,  in  nearly  inappreciable  quantities,  the  latter  varying 
somewhat   in   character   in   inhabited   localities.     Its   substance,  as   a 
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Avliolc,  is  a  roiiijioiiiid  ua<  of  m-arlv  wiiituriii  coinjtosition  kiii.wii  as 
tlic  A I  It, 

Tlio  air,  when  iincontatniiiatcd  In*  local  causes;  Ikls  hccii  f'umid  by 
the  most  painstaU'iiiii;  and  carclul  observations,  in  all  parts  ot"  the 
■cartli,  and  at  all  ljc'i<;lits,  I'roni  tlic  levol  of  the  sea  to  llie  top  of  tin- 
Jiii^liest  mountains  re'aclicd  bv  man,  or  tlie  <;reatcst  elevation  attaiiu*<l 
by  the  balloon,  to  liave  identically  the  same  com|)oneiits.  ()mittini^ 
the  two  smaller  constituents,  in  lOO  volumes  (tf  air  there  are  7!i'l  ot' 
nitrogen  and  liO'l)  of  owlicu,  or  in  IdO  |)arts  bv  weiirht  there  are  7<)''.' 
of  uitro^fMi  and  'I'.Vl  ot"  o.vyjren  ;  o.\'v;:;en  beinir  heavier  than  nitroiren 
in  the  |)roportion  ot"  1()  to  14.  The.se'  proportions  diller  a  little  trom 
11  chemiwil  eompouml  of  luiir  |»arts  (weijjjhts)  of  nitrogen  to  one  j)art 
^)f  o.vyi^en,  and  beside  this  ditVerence  it  must  be  stated  tliere  is  e(?r- 
tainly  no  chemical  combination  of  the  irases  in  air — they  are  simj)lv 
intermi.\ed.  All  <iases  or  naseous  bodies  mi.\  with  each  other  inch.'ti- 
nitely  and  perfectly,  whatever  nia\-  be  their  relative  densities  or 
weinht,  a  ditVerence  in  the  most  extreme  case  of  over  2oO  to  1,  and 
they  never  separate  from  each  other,  whollv  or  jiartiallv,  «'.\cept  bv 
condensation  of  some  of  (li<in  from  a  iraseous  form  (or  va|>or)to  tliat  of 
a  li(pii<l  by  reduction  of  temperatni'e  or  increa.se  of  pressure  or  both. 

Jiesitle  nitro<]^en  and  o.w^en  in  the  air,  there  is  alwavs  present  ear- 
b(»nic  acid  and  va])or  of  water.  ( )f  the  carl)onic  aci<l  the  <piantitv  is 
(piile  vai'iable,  but  ver\-  small  in  all  easr>.  I'lire  coinitrv  air  has  an 
averai^e  ot"  t"r<im  '.\\  to  o  parts  by  volume  in  l(»,()t»() — 1  parts  beino; 
considered  by  most  physicists  as  a  |>roper  (|uantitv  to  adopt  a>  apper- 
t:iinin<;  to  y>///v  air.  I'nnr  pt-r  cent,  ot'  one  per  cent,  mav  eonvev  tin* 
iilea  to  readers.  While  the  (piantiiy  ol"  vapor  ot"  water  present  is  vet 
more  variable,  as  it  dep 'nd-  on  the  tem|)eratiu"e  of  the  air  at  the  time 
JLS  well  as  M|)on  the  locality,  not  only  where  the  air  mav  be  taken,  at 
any  place  ot"  observation,  but  where  the  air  came  from,  bv  the  winds, 
to  reach  that  |)lacc.  I'he  (piantity  ot"  vapor  of  water  present  in  air  is 
called  its  humidity,  and  air  is  said  to  be  sjituratcd  with  humiditv 
when  it  hold>  as  much  va|»or  as  it  can  without  it>  condensint;  into 
water  as  a  licpiid. 

\\'e  comuKtuly  know  \apor  ot'  water  a>  .v/ffO/i.  At  'l\'l  and  under 
the  ordinary  |)re>sui"e  ot"  the  at mo>phere  i  which  we  will  -peak  Uiore 
about  hereafter)  water  boils,  and  it"  the  lempt'ralure  is  muintaine<l,  it 
will  all  boil  away  in  th*'  air.  l>ut  vapor  ot"  water  exists  in  <'ontaet 
with  water  without  boilinir.  at  all  temperatinvs,  and  if  th<-  prcs<uiv  of 
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the  atmosphere  wliich  rests  upon  it  is  taken  away,  water  Avill  boil  at 
any  temperature  wliatever,  dependent  on  the  extent  of  relief  of  ])res- 
siire.  It  is  a  curious  truth  that  water  only  exists  as  a  liquid  because  it 
is  held  down  by  the  pressure  of  the  atmosphere  upon  its  surface. 

The  natural  temperatures  of  the  climate  we  live  in,  omittin*^ 
extremes,  are,  say,  from  10°  to  85°  Fahrenheit.  The  quantity  of 
vapor  of  water  in  each  cubic  foot  of  saturated  air  (at  30  inches  of 
barometric  pressure)  has  been  ascertained  with  great  care  by  eminent 
French  physicists.  This  quantity  is  very  small  in  any  case,  being 
only  4  per  cent,  by  volume  at  85°,  and  it  fills  oif  rapidly  as  the  tem- 
perature falls;  at  65°,  or  20°  fall  of  temperature,  only  half  as  much,. 
or  2  per  cent.,  can  exist;  at  45°,  another  fall  of  20°,  but  1  per  cent, 
is  found;  at  28°,  but  \  per  cent.,  while  at  10°  only  i|^  of  a  per  cent, 
of  the  volume  of  air  can  be  invisible  aqueous  vapor.  So  much  as 
even  the.se  small  quantities  do  not  exist  in  air  generally,  as  the  air 
which  has  derived  its  moisture  from  water  or  damp  surfaces  will,  from 
the  action  of  currents  and  winds,  ascend  to  the  upper,  colder  atmos- 
phere, where  it  will  deposit  the  same  moisture  by  condensation,  into^ 
clouds,  with  rain,  hail  or  snow,  when  great  quantities  of  moisture  are 
condensed,  and  much  loss  of  heat  accompanies  the  position  of  the 
cloud  as  regards  its  elevation  from  the  surface  of  the  earth.  The 
course  of  the  winds  will  bring  this  dried  air  again  near  the  surface  at 
another  place;  .so  that  the  liumidity  of  air  in  our  country  may  at  any 
time  be  only  30  or  40  per  cent.,  or  even  less,  of  what  would  consti- 
tute saturation  for  air  of  the  same  temperature.  The  average  humid- 
ity of  the  Eastern  States  is  from  60  to  70  per  cent,  of  complete  satu- 
ration. The  degree  of  saturation  is  measured  by  the  dew-point,  which 
is  the  temperature  that  is  indicated  by  a  thermometer,  artificially 
cooled  until  a  deposit  of  dew  or  condensed  water  appears  on  the  bulb. 

Air,  as  it  is  found  in  the  neighborhood  of  our  cities,  and  in  the  sea- 
sons of  growth  in  the  country,  generally  has  very  small  quantities  of* 
other  gases  in  its  composition.  The  most  general  are  ammonia,  sul- 
phuretted hydrogen  and  sulphurous  acid  gas,  M'ith  numerous  others  of 
local  derivation,  especially  near  factories ;  but  the  quantities  of  such 
impurities  present  in  the  open  air  are  even  smaller  than  those  given 
for  carbonic  acid  or  vapor  of  water,  so  that  fresh  air  everywhere  can 
be  held,  as  before  stated,  to  be  mainly  nitrogen  and  oxygen.  Only 
the  most  delicate  tests,  where  the  hundredth  of  a  per  cent,  is  a  unit, 
serve  to  measure  the  quantities  of  gaseous  bodies  vitiating  air. 
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IJesidf;  the  fji;a.>^eoiis  iiii|)uritie.s  rcfernMl  t<»,  tliore  exists  always  in  air 
«»r  iiiliaWited  rcjrioiis  v(,Ty  small  (jiiaiitities  (»{'  Hoatin*:;  orj^aiiie  matter, 
(;om|H)se(l  of"  f"ra<;m(Mits  of  orj^aiiic  (»ri<i[iii,  vapors  of  the  same  source, 
Iik(!  otiors,  for  instance,  microscopic  ^erms  or  liviiij;  or<;aiiisms, 
together  with  dust  of  minerals  or  metals,  smoke,  etc.,  forming  an 
insiijnilic^int  part  of  the  atmosphere,  nearly  ina|»preeiable  in  amount 
l)V  weight  or  measure,  hut  of  the  <;reatest  im|iortance  in  eili-ct  uj»on 
the   air  of  \-entilation,  as   will    l»c   made  to  appear  furtht-r  <tn  in  this 

l':i|'*''"- 

The  main  chemical  characteristics  of  the  gas<'s  in  air  are  as  tollows: 

()xy<!;en  is  the   most  abundant  eleUK'Ht  in  nature.      It  fnrms,  as  stated, 

one-fifth  of  the  atmosphere;   it  also  is  eii»;ht-uinths  of  the  substiinee  of 

water,  and    about  one  half"  of"  all   solid    bodies  of  the   earth — at  least, 

of  the  crust  of  it  so  deep  as  we  can  investif^ate   its  formati«tn.      In    its 

free  state,  and    its  existence   in    the   air   mixed  with   nitro<rtii  can  be 

consideretl  free,  it  c<»mbines  ehemieallv  with    nearly  all   nther  elemen- 

tarv  bodies.      This   combination  i~  att<  iideil    b\-  evulution  •>('  heat,  and 

is  known  as  condni>tion. 

Nitrogen,  which  is  the  chief  eon>lil iient  <>f  the  air,  has  few  inor- 
ganic <'hemical  condiinati<»ns  with  other  elements.  It  is  an  essential 
and  considerable  part  of"  all  animal  tissues  which  are  ci>mposed  mainly 
of  carbon,  hydrogen,  oxygen  ami  nitrogen,  and  also  an  essential  but 
verv  small  part  of"  vegetable  tissues  which  consist  principallv  of  the 
first  three  bodies  in  the  li>t. 

( "arbouic  acid  is  the  prcwluct  ol"  eombu>ti<'U  ot'  earbun,  where  two 
and  two-tliird>  parts  of  o.wgen  bv  weight  enter  into  combination  with 
oiu'  part  of"  carbon,  also  by  weight.  an«l  form  a  colorless  gas,  alxmt 
one  an<l  a  hall"  times  heavier  than  air  in  e(|Ual  volumes.  It  results 
from  the  bvuMiing  of  f"uel — carbonaceous  materials,  either  rewnt  vege- 
table growths  or  the  fossils  of"  former  vegetable  growths  and  from  the 
slow  oxidation  of  organic  tissues  calle<l  decay,  beside  boing  the  chief 
product  of"  ri'spiration.  \'ol<-anic  a<-tion,  as  well  as  some  pi>K'ess<*s  of' 
combustion  which  take  place  in  various  localities  under  the  surfact-  of 
the  i-arlh,  evolves  large  (piantitic- of  carbonic  acid.  ( )u  the  other 
hand,  while  these  sources  of  carbonic  acid  are  in  <'oiistaiU  action, 
nature  is  restoring  the  eipiilibrium  ol"  condition  ;  as  all  vegetable 
growths  are  absorbing  carbonic  acid,  assimilating  int(>  W(kh1  tissues  the 
carbon,  and  setting  frie  the  oxygen.  It  t-annoi  Ik^"  s;iiil,  jjowever,  that 
the  eotulition  of"  the  air  is  ilependeiit    upon  vegetable  growth  to  ktrp 
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down  the  proportion  of  carbonic  acid,  as  it  has  been  estimated  that  if 
the  vegetable  growth  of  tlie  earth  were  to  cease  for  two  thousand  years 
the  effect  of  respiration  and  combustion  in  vitiating  the  air  could  only 
be  detected  by  the  nicest  chemical  analysis. 

Carbonic  acid  is  an  innocuous  gas,  quite  harmless  to  animal  life 
except  when  it  is  substituted  for  oxygen  in  the  air  for  breathing,  and 
except  iu  so  far  as  its  presence  in  large  proportions  interferes  with  the 
natural  secretion  from  the  lungs  and  possibly  from  the  skin. 

Va])or  of  water  is  the  product  of  the  combustion  of  hydrogen 
where  eight  parts  of  oxygen  by  weight  combine  with  one  part  of 
Jiydrogeu  (the  volume  of  the  one  part  of  hydrogen  being  twice  that 
of  the  eight  parts  of  oxygen).  It  is  a  colorless  vapor  or  steam,  about 
iive-eighths  as  heavy  as  air,  in  equal  volumes.  When  condensed  as 
liquid  water  it  is  the  chief  constituent  of  organized  bodies,  forming 
the  greater  part  of  their  weight.  Water  also  plays  an  important  part 
in  the  mineral  kingdom  as  the  water  of  crystallization  of  many  mine- 
rals. Many  substances  dissolve  in  water.  All  animate  creatures  who 
live  upon  the  surface  of  the  earth  recpiire  water  as  a  liquid  to  drink,  but 
tliC  presence  of  vapor  of  water  in  the  air  does  not  seem  to  be  absolutely 
essential  to  the  existence  of  animals — ex(^ept,  perhaps,  it  may  afford  a 
mitigation  of  the  extreme  heat  of  the  sun's  rays  as  they  shine  through 
our  atmosphere.  But,  on  the  other  hand,  all  vegetable  life  demands, 
as  a  primary  necessity,  considerable  vapor  in  the  air,  and  in  a  warm 
saturated  atmosphere  it  grows  and  thrives  with  the  greatest  luxuri- 
ance. Like  carbonic  acid,  aqueous  vapor  is  harmless  to  animal  life, 
except  when  present  in  so  large  quantities  as  to  interfere  with  natural 
secretions ;  but,  as  it  condenses  from  air,  at  any  usual  temperatures  in 
the  habitable  part  of  the  globe,  until  the  quantity  of  water  present 
oannot  exceed  four  to  six  per  cent.,  the  danger  of  such  interference  is 
almost  entirely  removed. 

Having  discussed  the  constituting  elements  of  air  and  their  char- 
acteristics as  chemical  bodies,  some  of  the  physical  properties  which 
bear  important  relations  to  ventilation  and  heating  may  next  be 
noticed.  The  three  conditions  of  material  substances  are  gaseous, 
liquid  and  solid.  An  ideal  perfect  gas  is  perfectly  fluid  and  perfectly 
expansible  or  compressible;  relief  of  pressure  or  the  addition  of  heat, 
with  permission  to  expand  under  the  same  pressure  will  cause  an 
indefinite  enlargement  of  volume  proportionate  to  the  pressure  or  heat, 
while  increase  of  pressure  or  abstraction  of  heat  under  constant  pres- 
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<iin'  produces  |)i'uj)i»i-iiiiii;itf'  rcflnctiou^  u|"  nuIuiuc  al-<>  iii<liliiiitc  in 
aiiiuMiit.  Altliout;li  the  (li-i-uvciics  of  tin-  |>:i-t  tlirce  years  li:iv«-  ren- 
dered it  nejirlv  ctrtain  that  no  <rase(ms  IjimIv  whatever  exists  which  at 
-onic  pressure  or  teni|»erature  (htes  not  lose  its  }x:i"^'"*"i~  ^"'■"'  !»'"'  l)»-'<-onie 
li(|uid,  vet  within  the  ranjre  of  teinpi-ratiire  and  pressure  oi'  natun- 
on  the  >url;ic<'  of  ih<'  carlh,  th<"  air  may  he  treated  as  conforming'  to 
I  he  i(h'al  laws  of  a  |)erlcct  iias. 

It  is  n<it  the  less  a  material  >ul)>tance  that  '///•  i-  a  iraseous  ixnly. 
Its  weight  for  a  ^^ivr-n  \olume,  under  a  L^ven  pre.--ure  an<l  at  a  t:iven 
temperature,  is  well  known.  Thus  at  the  pres.sure  of  14*7  |>ound> 
upon  a  s(juare  inch  and  at  a  temperature  of  •Vl'^V.,  one  euhie  toot 
weiudis  ()-()«07  |>oun(l  ;  or  12"4  e\il»ie  feet  wei<rh  one  pound.  Now. 
this  pressure  of  i  I'T  |»ouiids  on  a  s(piaie  inch  i-  the  atino-pherie  ]»res- 
>iM-e  found  to  exist  on  the  >urface  of  the  earth,  aii<l  i>  the  e<piivalent 
lo  'JIK/o  |)ound>  on  a  s<piare  foot.  If  \'1\  eul»i<-  feet  weii^h  one 
pound,  ii  would  take  a  c((iumn  of  air  <>f  ■_'<!. :J"_'7  feet  to  exert  th<'  load 
<»f  21  Hi"."]  pounds  on  the  sipiare  foot,  or  very  nearly  five  mile*.  hii,di. 
IJut  the  air  ehanucs  in  density  as  the  pre>sure  is  iedu<'e<l  ;  or.  in  other 
Words,  as  wei<|;ht  of  the  eolinnu  of  air  heeonies  less  and  less  toward- 
ihi-  top,  the  volume  of  each  <-uhic  ioot  iiu-reases,  so  that  the  atnio>- 
phere  is  really  40  to  \')  miles  in  height  in  |)lace  of  the  '>  mile-  which 
Avould  exist  if  it  had  a  uniform  density. 

Ihe  pressure  ol  air  is  mea->uicd  l»v  the  harometer,  and  "I  \'~  |M)unil> 
to  ihes(juai"e  inch  corresponds  to  'J*.*"!)!.'  inches  ot'a  <'olumn  ot' mercury 
in  the  niert'urial  harometer.  i'his  insii-ument  may  !»«'  hrielly  dc>cril»e<l 
a>  a  »;la.ss  tul)e  al)out  tiiree  feet  in  leULrlh.  with  one  end  cjo-cl,  which 
tube  having  been  filled  with  nu'rciuy  when  the  clo>e<I  en«l  wa>  down- 
\\ai-»ls,  is  reversed  into  a  >hallow  cup  also  hohiini;  mercury  ;  w  hen  the 
lohimn  in  the  tube  will  lea\e  the  up|>er  or  clo.-.e<l  end  (and  form  a 
vacuous  space)  and  descend  into  the  cup.  so  far  a>  the  jtressure  of"  the 
air  oil  the  surface  of  the  merciwv  in  the  cup  will  not  >upport  the  col- 
iiiun.  I'here  is  foinxl  to  cxi>t  at  anv  jdace  not  nuieh  elcvattnl  above 
die  level  of  the  >ca  iVom  "JS  to  .">!  inches  ot"  h-iiLrlh  itf'  lhi<  coluuui  : 
or,  in  other  words,  i>t'  dillerence  in  heii^ht  of"  surtace  ot'  the  mercury 
iieai'  tiie  t<tj)  of  the  tube  and  that  of  tiie  o|K'n  cup  at  it*  toot.  The>c 
ihi-cc  inches  of  variation  of  baronu'trit-al  height  are  the  linuts  of  n^ual 
variation  of  atn»os|>herie  presstire. 

The  volume  of  air  under  anv  i^ivcn  pii'ssnrv  is  much  atl'cct<ii  by 
Jieat.      In    common  with    nuot    iL:;a>e>  (and    probaldv  ot*  all  where    the 
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teini)orature  of  tlie  gas  is  coii.'^iderably  above  the  point  of  liquefaction), 
air  e.xpands  or  contracts  ^Ij  part  of  its  volume  for  each  degree  (Fah- 
renheit) of  teni})erature  above  or  below  the  freezing  point.  Thi.s- 
change  of  volume  is  the  great  natural  agent  in  promoting  that  circu- 
lation of  the  air  and  cnstril)Uti()n  of  the  heat  from  tlie  sun  whicli 
makes  our  globe  habitable.  A  correct  appreciation  of  its  effect  upon 
the  air  may  be  had  by  examination  of  the  following  table,  which 
inrludes  only  a  few  usnal  atmospheric  temperatures.  The  sante  laws, 
with  small  modifications,  govern  the  volumes  and  densities  of  air  to 
the  highest  temperature  of  combustion  : 

I 

Teiiip-rature  of  ilrv  air,  (lejjiCL's)  i 

0°         10^"'    20°        £2^        40°        o<P        C(l°         70^        80°        ICO"^ 
Faien)uit ( 

Volume  of  same  weiglit,  of  air)        4-50  1     400        479        41)1        40'J        509        510        52'.i        5^9        540 
under  the  same  pressure j    0-9:i5    0-955    0-970  1    1010    1 -O;.?    X -0.37     1  1177     1-C9g    l-13Ji 

Deii.sity  fur  (.-oiistaut  volume 1-070     1-047    1 -0-25  1    0-984    0 -',105    0  '.HO    0 -O'iS    0-011    0  •S7S 

Weight  per  cubic  foot-pounds 0 -080.3  0 -0847  0-0828  0-0807  0-0794  0-0770  0-0705  ii(l749  0-07i5  0-0709 

If,  however,  the  pressure  upon  any  given  volume  of  air  becomes 
greater  or  less,  its  temperature  Avill  then  be  found  to  have  increased 
for  the  greater  pressure  and  to  have  diminished  for  the  less  ])ressure. 
It  results  from  this  that  the  air  upon  the  top  of  mountains,  where  the 
l)arometric  pressure  is  greatly  reduced,  is  found  to  be  much  colder  than 
at  their  feet,  until  at  the  elevation  of  from  four  to  five  miles  above 
the  elevation  of  the  sea  a  region  of  perpetual  frost,  even  in  the  torrid 
zone,  is  reached. 

There  are  two  recognized  standards  of  measurement  of  heat  of  sub- 
stances. The  first  is  that  of  the  intensity  or  temperature.  All  bodies 
of  unequal  temperatures  possess  a  tendency  to  equalize  their  temper- 
atures by  transfer  of  heat  between  themselves,  when  such  l>f)dies  are 
either  in  actual  contact  (in  which  case  the  process  is  called  conduction 
or  convection),  and  also  when  they  are  in  some  degree  in  proximity  to 
each  other  (in  which  latter  case  the  proce.'^s  is  denominated  radiation), 
some,  if  not  all,  of  the  heat  rays  being  fonnd  to  pass  through  mo.^t 
gases  and  through  some  solid  bodies.  Such  gases  or  bodies  are  deno- 
minated diathermanous.  As  snbstances  generally  expand  by  the 
increase  of  their  heat  and  contract  with  its  decrease,  the  extent  of  this 
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cliMiiLff  of  (l!iiicii-.ii»ii  iH-'twi'cii  cii-uiiii  tciiipcratiiics  (l('t<'riiiiii<-«l  l»y 
iintiir.il  |)li<ii(»iii(ii:i  lias  heeii  used  as  a  incasMrc  TIk'  plieiioiiKMia 
iclcncd  to  art-  the  fVcfziii^  and  boiliui;  of  water,  ami  the  t(Mii|K'nitiirt*s 
ii)iiniiiiiii<-atc<l  to  tlicrtnoiiK'trrs  (licat  iiicasiircs)  l>y  »vatcr  at  the  fiv**/- 
iiii:  or  Woiliiii;  |ioiiil  (iimlcr  ilrlincil  atniosplierir  finiditionsi  cstaMislK**! 
limits  for  a  raiii;*'  of  cxiKiii-ioii.  wliidi  raii'^f  is  dividfd  itito  |)arts 
(•all('<l  dci^n-cs.  Tlirti'  scales  of  division  h  ivc  had  |>ra«'tical  n-i',  l>nt 
one  of  tlicin  (Ucaiwnur's)  of  HO  parts  may  Ih- «'on>idcr<'d  :ls  siijKM-siMlrd 
at  tliis  tinio.  Tlic  other  two  arc:  first  Fahrenheit's,  where  l.S(»^  ot" 
<(|iial  expansion  are  made  Ixtween  free/in<;  and  hoiliiii;,  and  where  tin* 
freezint;  j)oint  is  ealle<l  '•t'2\  ami  the  saiiK-  rate  of  »'(jual  e.\|>an<ioi» 
(eoiitraelion  in  this  (rase)  is  carried  downward  hclow  the  free/.iiiix  |»oirit 
to  an  ima'iinarv  zero;  hriiiifinL''  the  hoiliii.;  point  32°  -|-  IH0°  =  '2\'2'^ 
ahovc  zero  ;  and  the  second,  ( "ciitiirradc,  where  the  freeziiii;  point  i* 
called  zero,  and  l(K)°  are  s|)aced  otV  from  zero  t'»  the  l>oilin^'  point . 
r.\  the  I'jiiflish  speakiii'^"  nations  the  j-'ahrenheit  h-jiIc  is  n^inl  a- a 
|topiil;ii-  vcalc  almost  altoe;ether.  and  to  a  ^reat  extent  as  the  M-ieiitit'M- 
one.  In  other  ciMintries  the  (^'enti«::rade  scale  is  in  »reiu'ral  as  well  :l< 
seientifie  use,  and  tin-  next  fifty  years  will  prohahly  witness  its  uni- 
versal adoption  in  all  countries.  The  mercurial  therinonH'ter  is  too 
well  known  t(»  need  descri|)tioii.  The  jtriiK-iple  of  measurement  of 
leinperatnre  hy  the  expansion  of  a  hodv  l»v  heat  is  extended  ahove  the 
lioilin*;  point  by  dcLrrees  of  snp|»osalile  ecpial  valne-«  to  Iii.oiki  . 
I '),(K)(I",  l,S,(H)(t",  the  last  l»eiii«r  the  theon-tie  heat  <tf  carhoii  Imrninu: 
in  oxytjeii,  and  is  <'arried  Kelow  the  freezint:  point  in  the  >ame  way  to 
(lie  lowest  tem|>eraliire  of  e\i.»teiice  in  natnre.  and  /o //i«'  h/»;io.s/ coA/ 
siijiiioxctl  to  he  jntsfil/tir.  'I'lie  contraction  ot'  i^a-^es  hv  removal  ot"  heal 
ol'  one-  dei^ree  Fahrenheit,  was  stat«*«l  to  he  j .',  j  part  of  the  volume  at 
.■')'J  .  Now,  if  it  he  ima;j;ined  that  the  »'ontra«'tion  were  carrie<l  on  for 
l!l|  ,  the  lias  mn«it  ol)vi(»nslv  disappear  at  the  next  diminution.  'I"hi-> 
imaiiinarv  temperature  of  ."{'J  —  41>F  =  —  loO'^F,  ha<  Imi-u  «leeme«l 
the  zero  of  ahsolnte  temperature,  and  it  has  l)e<Mi  foumi  that  l»v  a<lopt- 
in^  this  supposed  value  in  computations,  the  laws  ot'  ex|Kinsiou  and 
ela>ticity  of  air,  or  pises,  toireihrr  with  tho>e  ot"  ai-t-ompanvinjj:  heat, 
<-an  he  expressed  sat islactorilv. 

The  >econd  standard  ot'  iiH'asnrement  ot"  conditions  of  heat  rel'er««  to 
the  (piantity  ot"  heat  which  may  Ik*  taken  up  or  •riven  out  in  etll'ctiiiir 
chaiiLjes  ot"  tem|H'rature  in  the  various  sulKtanees.  For  this  purpose 
water  is  ai^ain  sclecteti  as  the   means  for  i-staldishiu'x  a  thermal  or  he:a 
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unit.  Tlio  Eiitili.^li  lieat  unit  i.s  taken  as  the  heat  appertaining  to  one 
pound  of  water  lieated  one  degree  Fahrenheit,  The  foreign  and 
scientific  heat  unit  i.s  the  heat  belonging  to  one  kilogram  of  water  heated 
■one  degree  Centigrade,  and  is  3"97  times  that  of  an  English  heat  unit; 
but  the  English  heat  unit  continues  to  be  used  in  mo.st  treatises  on 
applications  of  heat  in  the  English  language,  and  will  be  the  only  one 
referred  to  in  this  paper. 

The  specific  heat  of  a  substance  is  that  quantity  of  heat,  expressed 
in  heat  units,  which  must  be  transferred  to  or  from  a  pound  of  that 
-sul)stance  to  effect  a  change  of  temj)eratnre  of  one  degree.  The  quan- 
tity varies  greatly  for  different  bodies,  and  varies  also  in  some  measure 
.at  the  different  points  in  the  scale  of  temperature  in  most  of  them. 
In  the  latter  regard,  however,  the  variation  is  so  small  that  we  can 
accept  certain  values  which  have  been  ascertained  by  experiment,  and 
will  be  found  in  tables  of  specific  heats  of  substances  in  books  on 
physics  as  sufficiently  accurate  for  })ractical  purposes.  For  gaseous 
bodies  the  uniformity  of  specific  heat  at  different  points  in  the  scale  of 
tem})erature  is  more  closely  preserved  than  for  solids  or  liquids,  but 
these  bodies  are  found  to  have  two  values  for  specific  heats:  one  for  the 
increase  of  temperature  of  one  pound  of  gas,  one  degree,  where  the 
gas  is  permitted  to  expand  under  constant  pressure;  and  the  other, 
where  the  gas  is  enclo.sed  so  that,  in  place  of  expanding,  the  pressure 
increases  in  accordance  with  a  certain  law  of  elastic  force  dependent 
upon  the  addition  of  heat.  Thus  the  specific  heat  of  air,  under  con- 
stant pressure,  is  0"238  heat  unit;  that  is,  0'238  pound  of  water, 
losing  one  degree  of  heat,  will  impart  to  one  pound  of  air  (about  13J 
cubic  feet  at  70°)  one  degree  of  heat,  while  the  volume  of  the  air  will 
have  increased,  under  constant  pressure,  -^hjth  part.  On  the  other 
hand,  the  specific  heat  of  air,  with  constant  volume,  is  0"169  heat  unit 
•oidy;  one  pound  of  the  air  retained  (to  13^  cubic  feet  in  the  supposed 
•ca.se  of  70°)  in  its  original  volume  will  be  heated  one  degree  by 
'OTGO  pound  of  water  losing  one  degree.  This  value  of  specific  heat 
for  constant  volume  does  not  apply  to  all  gases,  although  nitrogen, 
oxygen,  hydrogen  nearly  conform  to  the  figures  given. 

The  specific  heat  usually  quoted  and  applicable  to  the  theory  of 
heating  and  ventilation  is  that  of  constant  j)ressure,  or  0*238  heat 
unit  for  air. 

To  complete  this  statrnicnt  of  the  effects  of  heat,  latent  heat  nuist 
be  mentioned,      ^^'henevcr  any  material  sul)Stance  pa.s.scs  from  one  of 
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it-  lliiH'c  (•(iiiditiuiis  —  <^as('<iii~,  li<|iiiil  <>v  -«»lii| —  t<>  aimtlKT,  iieiit  units 
arc  alj.sorl)e<l  (»r  irivcn  'iiit,  nt'icn  in  <ri<»nnnii^  (jMiintity,  witlmiit  anv 
apparent  cliani^c  of  tcnipiiratnrc  <»('  the  transfurnuMl  snl)starK*es.  riiii- 
water  at  212''  rLMjuircs  the  addition  of'  JM)(i  lieat  nnits  to  tran>l'orni  it 
into  steam  of  212''.  Evolution  or  al)-»orption  of  latent  heat  aUo 
ae< -on  I  panics  chcinieal  combinations. 

( )nc  more  property  of  heat  should  he  named.  Heat  is  a  ineastirc  of 
force  ex|)en<led  or  Mtili/<'d,  ami  <»ne  heat  unit  represents  the  force  of 
liftinii'  772  |ioiMid>  to  thr  ln-i^ht  of  one  fo<»t  =  722  foot  pouiul-. 

|{csuniin«;  the  consideration  of  the  phy>-i<-al  properties  of  air. 

The  hejiimiin^  ot"  thi>  paper  mentions  that  rrri/  small  quanti- 
ties of  various  substances  which  cannot  be  considered  as  jrJWt'Oii.s  IxNiies 
were  to  be  found  in  the  air  of  habite(l  or  hai>itai)le  plaees.  (Jeuerallv, 
especially  in  towns  or  <-ities  of  the  tem|)erate  re;rions  where  mamilae- 
iiu'in^;  callin<^s  or  the  comfort  of  the  inhabitants  demand  the  u-e  of 
fires,  the  main  portion  of  these  impurities  of  air  consi>t  ol"  du-i  of* 
minerals,  and  metaU  smoUe  i>vhich  is  priucipallv  du<t  of'  ehareoal 
<>y  mineral  coal),  and  similar  bodies  reibu-ed  to  so  flue  a  state  of  powdrr 
that  the  adhesi<»n  of  ail-  to  the  particles  prevent.s  their  settling;  in  it, 
except  so  slowlv  that  thev  may  be  said  to  Hoat,  and  as  fl(»:itini;  InMlii-s 
will  have  been  dispersed  with  the  <-urrents;  and  they  may  be  in  some 
mi'jiijure  ditVused  by  the  inter-cinrents  of  ditVusion  of  vapor  of  water 
or  carbonic  acid  or  other  piseous  bodies  with  which  they  were  partic- 
idarly  associated  in  their  t»riirin.  The  etVect  of  this  adhesion  <»f  air  to 
particles  of  matter  ean  i»e  appn-ciated  by  statiui;  that,  but  tbr  it.  rain 
drops  woidd  nach  the  i;roimd  with  an  accpiiriil  vehn-itv  i'«pial  to  that 
ol'  »h<»t  from  a  ^un;  and  by  it  the  impact  of  hailstones,  even  of  the 
lari^i'st  si/e,  is  nuKlitied  so  lar  as  to  reduce  the  injurv  thev  oee;j>ion,  to 
the  destruction  (>!  ,i:las>,  defoliation  of  trees,  and  similar  results,  such 
as  nn<:ht  happ«'U  iVou)  stones  thrown  bv  tin-  han<l.  in  tlu' <':i>e  ot"  a 
hail  stoiMu  the  pheuomenttu  is  pr»Mluced  by  a  violent  a>cendin<;  <-urrent 
of  air,  which  at  the  hei<;ht  of  five  to  ei^ht  miles  reaches  the  rejrion  of 
per|Mtual  frost,  where  the  hailstones  are  formed,  and  the  stones  des<-eud 
through  and  ai.^ain>t  a  current  ot'  tVom  20  to  pos^iblv  2()<l  iniK-s  jn-r 
iioiir. 

The  dii>t  refeund  to,  after  all.  except  in  hn-alitio  where  decidetlly 
inimious  fumes  are  >:enerati'»l,  or  in  worU-hops,  or  any  busiins<  where 
a  \t>lume  ol  dust  or  smoke  is  t-reat«il,  or  thei-xposure  of  the  workman 
to  bitathiuir  it.  i-  Mnpro|M'rly  guanleil  airainst,  cjui  only  be  txiusidereil 
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rather  as  objectionable  tliaii  noxious.  This  (juestion  of  means  of  pre- 
vention or  removal  of  dust  or  smoke  will  come  upaiiain  when  consid- 
ering the  practical  applications  of  ventilation. 

Odors  or  smells  constitute  palpable  impurities — vitiations  or,  ])er- 
haps,  quite  harmless  portions  of  the  air.  Some  of  them  are  unque.s- 
tionably  dusts  of  solid  bodies;  others  are  definite  chemical  gaseous 
bodies;  others,  again,  are  .seemingly  in  combination  with  the  vapor  of 
water,  in  which  tney  are  dissolved  in  the  atmosphere.  Dust  of  organic 
matter;  small  particles  of  the  skin,  and  fatty  matters  detached  from 
the  skin  are  abundant  in  the  air  of  all  houses  ;  in  the  air  of  the  streets 
similar  exhalations  from  hor.ses  and  other  animals  can  be  detected  ;  in 
the  air  of  the  country,  vegetable  particles  predominate.  These  dusts 
are  in  every  stage  of  decomposition.  When  first  separated  from  their 
source  they  are  generally  undecomposed  and  inodorous,  but  sometimes, 
like  pollen,  they  possess  the  power  of  aifecting  the  sense  of  smell  ;  in 
moist  atmospheres  they  rapidly  decompose,  having  become  the  soil  for 
numerous  microscopic  growths  which  accompany,  and  it  is  now  satis- 
factorily determined,  occasion  the  decompositions. 

It  must  be  borne  in  mind  tiiat  the  quantity  of  organic  matter 
described  so  briefly  in  the  preceding  jiaragraph  is  exceedingly  dimin- 
utive as  compared  with  the  volume  of  air.  Light  as  air  is,  not  the 
one  hundred  millionth  part  of  its  volume  for  pure  air  on  high 
ground,  or  about  one  five  millionth  part  in  a  crowded  railway  carriage 
(as  deduced  from  figures  of  Dr.  Angus  Smith),  is  organic  impurities. 
Yet  to  a  very  small  portion  of  this  very  small  portion  of  the  air  is 
now  attributed,  by  the  best  authorities,  the  greatest  danger  from 
breathing  of  vitiated  air. 

It  has  been  long  known  that  feriiientation  or  some  similar  action 
accompanies  most,  if  not  all,  organic  decompositions;  and  it  was 
reserved  to  Drs.  Schroeder  and  Pasteur,  especially  to  the  I'esearches  of 
the  latter  to  demonstrate  that  countless  germs  of  vegetables  and  infu- 
soria exist  in  the  air,  which  will  develoj)  wherever  suitable  organic 
matter  is  found  to  support  their  growth.  These  views  were  combated 
by  several  writers,  some  of  whom,  admitting  the  fermentative  growths, 
supposed  or  advocated  their  origin  by  spontaneous  generation.  But 
this  last  view  has  now  been  satisfactorily  refuted  by  many  experiment- 
ers; Prof.  Tyndall's  investigations  being  very  conclusiv^e  in  showing 
that  with  pure  air  no  change  of  the  most  decomposable  substances  and 
solutions  commences.     Prof.  Tyndall's  test  for  the  purity  of  air  is  to 
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allow  ;i  siinl)cam  to  sliiiir  douii  :i  tiil»<-  contaiiiiii'i^  air  wliirli  has 
Ix'cn  liltcn.M]  tliroii<_rli  coitoii-wool.  'I'lic  sniallc-f  |»ar'tic|cs  df  dust, 
<:;C'ruis  or  "grains  Ix-yoiid  the  power  of  (liscfriiiix'iit  l>\'  the  mici'n.-.ciijK*, 
are  ilhiiiiiiiated  In'  this  test  to  hrilliaiit  jxiiiit-.  until  their  prt-^t m-c 
becomes  evi<leiit  to  tli(,'  ohserver. 

It  is  positively  known  that  tlillerent  eheniiejil  (•han<£e>  are  l)rouj;lit 
ain)Ut  \)\  ditl'erent  j^ernis.  Alcoholic  or  acetous  (vinejrin')  fernienta- 
tatiou,  lactic  a<'i<I,  butyric  acid,  etc,  |)inceed  from  <lit!ereut  \c_r,til>le 
or  orj^anic  «ii'"'\\th-.  Ii  fin;dl\-  seems  pruhalije  that  the  whole  train  <»t" 
epidemic  diseases  owe  their  oriu:iii  to  atmo>pheric  ;rerms  which  find 
their  suitable  or<raiiic  matter  tbr  LTowth  in  the  human  svstcui. 

The  <iri:ani>ins  theniseKo  are  minute  alnm-t  bevnnd  the  limit>  of" 
<'onccptioii.  One  of  the  most  common,  the  lia<-terian  termo,  whii-h  is 
a  livinj;  orj;anism,  "  ha<  a  wa<p-tbrnied  bodv,  each  enlari;e<l  |»art  i»ein>4 
about  yj^iYo  "♦  :"i  •"•'li  l"n^  an<l  ^-^-^jj-jy  of  an  inch  wide,  joined  bv  a 
filiiiuent  of  extreme  thiune.-s,  alMMit  y  J  ,\,y,|  ot'  an  inch  lon<;  ;  and  lia^ 
a  'flairella'  - ^,,5^  of  an  inch  louu"  nt  each  end,  nut  o\-er  j ,, ,7 ,, ,, ,j ,,  in 
w  idth,  and  s(t  thin  as  to  be  undisceruible  in  the  <ide  view.  The  Ha«r- 
ella  is  lashed  inces-antiy."  \\  hat  mu-t  l>e  the  magnitude  nf'  the 
<rerms  of  this  |»erfeet  nrL:ani-m '.'  I>e>idc  the  ircrm>  of  the  iiacteria, 
those  of  N'ibrio".,  Myci>derme>.,  .Mueidine.-  and  Turula'  are  iriveii  bv 
l*a>teuraiid  <it lier-«,  a>  <it  known  <.rir;uiisms  wlmse  charaeteristio  and 
])nrposes  are  well  established.  iiie  alnmst  iminnliate  eK't-urrence  of 
fermentation  of  some  |)articnlar  kind  in  each  fermentable  licpior  when 
<'Xposed  to  connn<»n  air  in  any  place,  and  the  com|)l<'te  su>|ten>ion  tor 
an  indetinite  time  nl"  I'ernientatiou  when  onl\  i>iin  air,  ttsted  a~  '\\\\- 
<lall  has  dcseribed,  conies  in  contact  with  -ueh  lii|Ui>r,  nui<t  be  accepteil 
as  proof  of  the  aiicucy  and  luiiversality  ot"  atmospheric  t;erm>.  Heat 
far  beyonti  the  boiling  point  will  not  kill  certain  of  these  irerms,  an<l 
some  defV  errtaiu  chemical  a'j:ent~  which  are  t|e-.tructivc  ot"  life  <j-ener- 
ally. 

Ivicli  new  coii-ideration  ot"  the  sul>icct  of  tlu-  effect  of  air  on  the 
health  of  mankind,  adds  more  evidence  or  rejisoninu:  to  >tij»port  tlu' 
view  that  pjseous  impurities  are  frauirht  with  but  a  verv  -mall  |»ortiou 
of"  the  danger  which  ap|>ertains  to  the  oriranic  \  itiatiou>. 

"  It  should  be  here  remarke<l  ihai  the  bn>is  ol"  the //<•/•»/»  throni  is,  that 
all  natural  di'compositions  of"  or!jf.ini<-  substance>  (in  ('ontr:idistinction 
frouj  decompositions,  by  lire  or  chemi<-al  action)  are  ^mwtlis.  (>rowth» 
in  thcniM'lves  healthful  ofti.eir  kind  (-ame  as  the  linn  or  the  mo^Mjuiio 
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have  liealthfiil  lives — the  oak  or  the  weed  liave  healthful  growths). 
Each  growth,  it  may  be  descending  in  the  scale  of  growth  and  ascend- 
ing in  another  path,  to  be  again  reduced.  A  cycle  of  vitality  from 
the  lowest  organism  through  the  vegetable  and  animal  life  to  man, 
and  returning  by  a  retrograde  course  (if  it  be  retrograde)  to  a  new 
train  of  existence." — [Excerpt  from  a  report  on  the  sanitary  condition 
of"  a  building,  by  the  writer.] 

The  next  step  in  the  course  of  the  investigation  is  to  consider  the 
(|uantities  of  air  requisite  for  the  health  and  comfort  of  the  human 
occupant  of  the  ventilated  room  or  place,  for  a  given  interval  of  time. 
These  quantities  are  composed  of  several  distinct  requirements,  the 
most  essential  of  which  are  the  necessities  of  respiration  and  of  absorp- 
tion of  the  vapors  of  transpiratioji ;  inadequate  supply  of  air  for  these 
purposes  resulting  in  suffocation.  Another  requirement  fordwellingSy 
is  the  supply  of  air  for  fuel  or  for  lighting,  in  the  latter  case  for  the 
dispersal  of  heat  in  some  degree.  But  all  these  requirements,  essen- 
tial as  they  are,  call  for  quantities  of  fresh  air,  quite  insignificant  in 
amount  to  the  demands  for  dilution  of  the  products  of  respiration, 
transpiration  and  combustion,  so  that  the  air  of  a  dwelling  shall  have 
that  degree  of  purity  ^vhich  is  conducive  to  healthful  residence. 

The  healthy  adult  man,  in  still  life,  in  an  atmosphere  of  normal 
condition  (which,  in  our  climate,  may  be  taken  at  the  temperature  of 
(>0^  to  70°,  with  80  to  70  per  cent,  of  humidity),  whether  aAvake  or 
asleep,  inspires  on  an  a\'erage,  30  cubic  inches  and  expires  a  corre- 
sponding quantity,  slightly  dilated  by  heat  and  by  chemical  change  at 
each  respiration,  and  he  breathes  16  times  each  minute;  giving  480 
cubic  inches  (or  0'278  cubic  feet)  of  air  demanded  each  minute.  Let  it 
be  supposed  that  the  air  inhaled  in  pure  air  with  0*0004  its  volume  of 
carbonic  acid  ^as,  and  to  have  the  tenq)eratur'e  of  70°  with  70  per  cent, 
of  humidity  ;  in  such  case,  the  exhaled  breath  will  have  a  temperature 
of  90°  ;  and  the  entire  volunu'  will  have  been  increased  about  7y^^ 
per  cent. ;  it  will  be  saturated  with  moisture,  which  will  form  over 
"^Toir  P^^  cent,  of  its  volume ;  while  the  increase  of  weight,  by  taking 
up  moisture  and  carbon  from  the  lungs,  will  have  been  only  li^-Q  ])er 
cent. ;  at  the  same  time,  from  the  20°  rise  of  temperature,  the 
density,  as  a  whole,  will  have  been  reduced  3  j3^  per  cent. ;  the  car- 
bonic acid  gas  in  exhaled  air  will  be  3yV  per  cent,  of  its  volume ;  and 
the  quantity  of  oxygen  of  the  inhaled  air  will  have  been  reduced 
about  19f  per  cent. 
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needed  and  vitiated  by  tran<})irati()n.  A  constant  exhalation  of  car- 
bonic acid  gas  transpires  from  the  skin  ;  ])y  no  means  so  large  in 
quantity  as  is  emitted  M'ith  the  Ijreath,  l>iit  probably  one-fonrth  or 
one-fifth  as  great.  The  regularity  of  transpiration  nearly  ecjuals  that 
of  respiration.  Accompanying  this,  it  is  probable  that  an  absorption 
of  oxygen,  corresponding  to  the  equivalent  of  oxygen  in  the  carbonic 
acid,  takes  place.  The  best  authorities  do  not  seem  to  have  found  the 
ex]iired  air  from  the  lungs  to  have  lost  more  oxygen  than  the  carljonic 
acid  exhaled  required;  and  as  all  authorities  assert  the  exhalation  of 
carbonic  acid  from  the  skin,  it  follows  of  course  that  the  supply  of 
oxygen  to  form  this  carbonic  acid  must  be  al)sorbed  by  it.  The 
phenomenon  of  interchange  of  gases  occurs  with  the  cutaneous 
secretions,  similarly,  if  not  equal  in  extent,  to  what  hapj)ens  in  the 
so-called  revivification  of  the  blood. 

The  exhalation  of  moisttire  from  the  skin,  however,  is  a  very  vari- 
able quantity  as  compared  to  what  exhales  from  the  lungs.  The 
internal  temperature  of  the  human  being  is  perhaps  98°,  while  the 
comfortable  and  healthful  temperature  of  the  air  in  contact  with  the 
skin  is  from  10°  to  30°  below  this  point ;  the  degrees  of  heat  of  the 
air,  varying  greatly  with  its  hygrometric  condition — or,  in  other 
words,  with  the  proportion  of  moisture  present.  The  loss  of  heat 
from  the  evaporation  of  moisture  from  the  skin  into  the  air,  l^eing  far 
greater  than  the  cooling  effect  of  the  air  itself.  In  tenij)erate  regions, 
also,  a  large  part  of  the  person  is  protected  by  clothing,  whereby  the 
temperature  of  the  air  next  the  skin,  under  the  clothing,  is  elevated, 
until,  for  instance  in  our  climate,  an  admitted  summer  temperature  of 
70°,  accompanied  l)y  7  )  per  cent,  of  humidity,  is  the  standard  of  condi- 
tion for  the  active  man,  although  a  higher  rate  of  humidity  (80  per 
cent.)  is  perhaps  more  conducive  to  luxurious  comfort  and  ease. 

Be  this  temperature  and  corresponding  moisture  condition  what  it 
may,  the  fact  remains  that  by  insensible  perspiration,  as  it  is  called,  a 
largie  amount  of  moisture  is  exhaled  from  everv  human  beino-  each 
day,  hour  or  minute,  and  this  moisture  is  laden  with  organic  matter ; 
and  a  certain  quantity  of  fresh  air  is  needed  to  absorb  and  dilute  it, 
and  the  accompanying  organic  vitiations. 

Some  observers,  after  considering  the  relative  quantities  of  liquids 
and  solids  taken  as  food  and  excreted  daily,  have  estimated  that  from 
1*5  to  2*5  pounds  of  liquid,  must,  on  an  average,  be  dissi2)ated  from 
the  svstem  of  an  adult  in  active  life  in  the  time  named.     The  mean  of 
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tlit'so  (|iiiiiititics  iiiMv  !)(•  :i<c(]itc<l  as  the  loss  l)y  <'v:i)M»i-ati«»n  fntin  the 
lmi<rs  and  ."kin  in  ucciipifil  |)lar<*s  =  '1  pound-  ;  wlirn  ahout  (»'(M(14 
piHind  will  )ia.->  frnm  the -kin  and  <c()<»()l  jidiind  i-  cvajHtralcil  iVuni 
the  lnn;;s  each  minute-.  On  the  utln-r  liand,  tin- cxliahition  of  carltonic 
acid,  as  before  stated,  i-  not  nearly  as  nunli.  |)roI)aI>Iy.  tVoni  the  -kin 
as  iVoni  th<-  hin«rs. 

It  shoidd  also  he  stated  that  a  .-mall  <juantity  ol'  niti'oircn  lias  iM-eii 
found  to  he  ahsorhed  hy  the  luniks,  and  a  very  little  ammonia  i>  either 
^iven  <»tf,  or  is  foniH'<l  almost  instantly,  i)y  de<-omj»osition  of  ,-ome  of 
the  endtted  orjranie  matter.  The.se  vitiations  are,  however,  only  a|t|»re- 
c'iahle  hy  delicate  ohservations,  which  ohservation-  have  u^iven  -uch  dis- 
cordant rtsidts  as  to  throw  douht  on  the  experiments  as  ha.-e-  of  the- 
ory, ."^till  it  may  he  a.-.-crted  that  nitro<,rcn  i-  lie-  natural  and 
fundamental  |>ai-t  of  the  atmosphere  for  the  types  of  animal  life  on 
the  face  (»f  the  earth,  and  that  no  other  ^raseou-  hody  can  he  a»lmitti-<l 
to  rej)Iace  it  ;  while  oxytrcn,  in  the  proportion  in  which  it  i-  alwavs 
i'ound  in  the  air,  i>  the  nece— ary  and  -ole  active  a;_a'nt  in  >u-iain- 
in;;  life. 

From  all  thai  ha-  Iteen  said  in  thi-  article,  it  will  )«•  evi<lent  that, 
I'ur  the  |iurpo-e  of  iireathinu  -olely,  only  a  little  moi"e  than  one-(pi:irter 
of  a  cuhic  fo(»t  <»f  ail"  is  needed  ea<'h  minute  hy  the  averaire  healthv 
adult.  l'eiha|»s  thi-  (piantity  wdl  he  raised  to  one-third  of  a  cuhi«- 
i'oot  when  the  air  of  iran-pii-ation  i-  included.  And  that  there  mii-t 
How  away  from  the  jterson,  hy  respiration  and  transpiration  n»mhine<l, 
also  each  nnmite,  (>*U(ll4  |)oiind  or  ()*(KI  eiihic  foot  of"  vapor  of  wat«'r 
at  70°.  If  these  (piantities  of  exhalations,  small  as  tiny  are,  arc  |m»s- 
itively  and  ahsoluldy  reinove<l,  and  I're-h  air  .-uhstitut«il  for  ihc  tir-t 
o\'  them,  a  |)ei-l"ect  ventilation  will  have  ciisumI. 

'I'he  soU'  mode  ol'  reinov.d  po>,-ihK',  is  hv  ditVu-ion  and  <lilution. 
'ihc  puiily  of  air  in  any  occupie<l  j>lac<'  can  onlv  he  relative.  A  cer- 
tain i|uantity  of  exhalali<»ns  in  a  i;ivcn  time  will  miuixle  with  aoriain 
<|Uaniity  of  fresh  air  supplied  in  that  time  (neirlcctinir  tiie  io-s  hv 
tnuisfusion  thi-oui:li  walls,  as  septa,  of  -ome  small  tpiantities  of  c:ir- 
IxMiic  acid  and  vapor  of"  wat«r,  the  latter  es|HH-ially  wlun  the 
exterioi-  (Kw-point  i-  low)  ;  ami  a  definite  nitio  of  the  otn-tifuent 
l)arts  of  tile  air  of  any  oc<upicd  place,  will  eventually  Ih-  estal)li.-h«'<l. 

It  is  eiistomary  to  atttnipt  tlio  ostai)iisiiinei)t  of  tiie  pro|H'r  <piantitv 
of  fresh  air  hy  the  ratio  or  |>ercentaire  of  earlM»nie  a<'id  (tiltniyxihh-  in  a 
liahited  room.      If  it    is   suppoM^j   (Imt  twice  tiie  (piantity  of  «';irl>onic 
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acid  is  admissible  in  a  eontiiuiously  occupied  room  over  that  existing^ 
out-of-doors  in  fresh  air,  then  99*1  times  as  much  fresh  air  as  is  needed 
for  respiration,  etc.,  must  be  supplied  to  dilute  the  exhaled  air,  a  pro- 
portion which  gives  33  cubic  feet  of  air  to  each  person  per  minute, 
with  a  result  of  0*0008  volume  of  carbonic  acid  present.*  The  quan- 
tity of  carbonic  acid  in  any  closed  room  will  be  further  reduced  l)y 
some  diffusion  at  cracks  of  doors  or  windows. 

Another  method  for  determining  the  quantity  of  air  needed  is  based 
on  the  diffusion  of  vapor  of  w^ater.  The  supposition  that  the  hygro- 
metric  condition  of  the  air  is  to  be  elevated,  say  5  per  cent.,  will,  if 
the  temperature  of  the  air  of  the  room  is  70°,  allow  the  diffusion  of 
0'000056  pound  of  vapor  per  cubic  foot  of  air,  or  for  the  O'OOli 
pound  of  vapor  emitted  from  the  person  each  minute,  25  cubic  feet  of 
air  to  each  person  per  minute. 

Either  of  the  above  ways  for  computing  the  requirements  of  venti- 
lation are  purely  empirical  and  founded  on  no  reasonable  or  natural 
demand.  The  quantities  they  give,  however,  are  about  those  adopted 
bv  the  best  authorities  as  the  least  for  healthy  persons,  while  double 
these  cjuantities  are  required  in  hospitals.  The  air  of  dwellings  and 
of  hospitals  has  proved  to  be  pure  to  the  sense  of  smell  with  the  quan- 
tities above  stated,  if  the  distribution  and  removal  has  been  well 
arranged ;  with  less  quantities  this  is  not  the  case.  After  all,  the 
standard  of  purity  of  air  is  founded  on  the  perception  of  an  almost 
infinitesimal  quantity  of  organic  matter,  and  upon  results  of  tests  of 
health  of  dwellings,  etc.,  and  not  upon  the  reasoning  of  the  chemist. 

Following  the  requirments  of  defined  quantities  of  air  for  personal 
ventilation  of  the  inhabitants  of  rooms,  further  demands  for  the  pur- 
poses of  supply  of  air  to  fuel  used  at  times  in  heating  them,  and  for 
the  consumption  of  gas,  oil  or  other  material  producing  light  by  burn- 
ing, should  be  investigated.  What  is  needed  for  warming,  however, 
may  be  more  properly  considered  when  discussing  the  heating  of 
dwellings  or  other  places,  only  remarking  here  that  the  quantity  rela- 
tive to  what  is  requisite  for  dilution  of  the  air  of  breathing,  or  for 

*  These  figures  are  obtained  as  follows:  Accepting  the  air  for  respiration  at  0"2777 
cubic  foot  at  70°  per  minute,  and  adding  one-fifth  for  one  for  transpiration,  Ave  have 
()'3331  cubic  foot  per  minute.  With  the  volume  of  air  which  shall  give  the  reipiisite 
excess  of  0'0U04  CO,  added  to  tlie  normal  air,  the  effect  of  raise  of  temperature  may 
be  neglected,  when  the  ratio  of  volume  of  CO,  in  the  exhalations  to  that  in  the  inhal- 
ations becomes  1  to  99"1,  in  place  of  1  to  102*7,  which  was  the  ratio  for  an  increase  of 
temperature  of  20°  (70°  to  90°)  iff^  =  901  X  0-333  =  33-0  -r-  0-333  =  33-33  cu.  ft. 
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reduction  of  heat,  i.<  so  «iiiall  (wliilc  the  i|ihit<*il  oy  viliat<'(l  aii'  ha->  >\\[- 
iicient  oxygen  not  to  be  impaired  tor  siipptrting  coiuhiistiun  ol'  fuel), 
tliat  it  dn>ps  out  of  consideration  in  the  <ju»'stion  of*  volumes  of  air  to 
he  furnishe(L  And  thei'e  is  left  for  consideration  at  this  time  only 
■what   supplies  of  air   ai'c    nM|Mi-iti-  tor   <^;t-i    i)urner>   and   oil   or  other 

JinhtS. 

I'he  gas  Imrner  in  coniinon  use  will  hurn  iVuni  thrci-  to  >ix  cuhic 
ieet  of  ordinary  coal  gas  jiei-  hoiii-;  ca<h  cul)ic  foot  of  Mich  gas  c«)ii- 
suuied  will  take  up  the  oxygen  of  <M  cubic  feet  of  air,  and  will 
j('(piire  the  presence  of  about  12'2  cubic  feet  of  air  at  the  point  of 
ignition,  in  order  to  etteet  complete  combustion.  This  double  supply 
•i»f  air  is  loinid  in  |»ractice  necessary  for  the  combustion  of  fuel  ot"  all 
kinds,  under  usual  conditions,  in  air  of  usual  temperatures,  and  the 
■(.'si'aj)iiig  gases,  when  burning  hvdritgeii  or  carbon,  will  consist  of  vapor 
•of  water  and  cail)onic  acid  (if  the  carltnn  is  entirely  i)urned),  as  nov»  1 
•chemical  pntducts,  ti»gether  with  i'ree  nitrogen,  and  as  much  free  oxy- 
gen :ls  was  Jiot  taken  uj)  in  the  chemicul  combinations.  Jn  the  same 
Avay  it  was  noticed  that  the  air  ex|)ired  in  breathing  had  been  deprive<l 
■of  only  about  one-lifth  of  its  original  oxygen,  and  it  wa.s  then  accepted 
that  such  ex])ired  air  was  unsuital)le  for  a  new  respiration. 

The  average  gas  burner  in  general  use  may  be  :i>sumed  to  i)urn  Ah 
cubic  feet  of  gas  j>er  Inmr,  and  the  (piantities  reduced  to  the  unit  ot'  a 
miiHite,  so  as  to  be  com|tarable  with  the  estimate  tor  res|>iration  a> 
j)reviously  established,  give  0M)7o  cubic  foot  of  gas,  which  takes 
np,  by  chemical  combination,  the  oxvgen  of  0'4»j  cubic  foot  of  air, 
^ind  needs  0  O'J  cubic  loot  of  air  to  accom|)lish  the  biu'ning.  The  pro- 
ducts of  combusti<»n,  together  with  and  including  the  frtv  nitrogen 
uud  oxygen,  forming  the //^N«<r.<<  of  mmhiu^tion,  have  the  volume  of  (>-!>7 
<'ubic  ffH)t,  when  reilueed  to  the  tem|»erature  ol"  7<)  ,  at  which  temper- 
ature all  the  foreg(»ing  ligure-  have  l)een  taken. 

Thus  it  is  seen  that  the  demand  of  air  for  a  ga>  burner  ( burning 
\\  cubic  feet  |ier  hour)  is  Ncry  nearly  tliree  times  a-;  great  :i--i  that  for 
the  res|)iration  and  tran-^piratiou  of  an  adult  man  in  still  life.  It", 
Jiowever,  the  same  rules  for  determining  the  <|uantity  of  air  f(»r  dilu- 
tion ot"  the  ciirbonic  acid  or  vapor  of  water  geneniled,  are  applie<l  to 
gas  burning  as  were  u>ed  in  the  wuse  ot'  respiration,  wi'  have  the  fol- 
lowing residls.  A  JA-foot  burner  will  ginei-ate  0M)4oo  cubic  \\^^x  of 
4arbonic  acid  each  minute,  whence  111  <ul>i»'  t'eet  of  fresh  air  will  Ik* 
needed    in    the    same    time   to   dilute   tlii>   cjirbonic  acid  >o  that  in  the 
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resultins:  mixture  0*0008  volume  of  carbonic  acid  (twice  the  normal 
quantity)  will  be  present.  The  same  burner  will  produce  0'00475 
pound  of  vapor  of  water  each  minute,  which  calls  for  85  cubic  feet 
of  air,  if  the  condition  of  adding  5  per  cent,  to  the  humidity  at  70°  is- 
thouo-ht  to  be  the  standard  for  attainment. 

In  the  act  of  respiration,  as  discussed  in  the  last  number,  it  was- 
shown  that  0'000336  pound  of  carbon  was  consumed  in  the  system,^ 
as  measured  by  the  expirations,  each  minute.  The  estimate  of  this 
quantitv  is  increased  by  some  emitted  carbonic  acid  by  transpiration  * 
adding,  as  before  assumed,  one-fifth,  then  0*0004  pound  of  carbon  can 
be  accepted  as  consumed  each  minute.  Whence,  recognizing  that 
14,500  units  of  heat  proceed  from  the  perfect  combustion  of  carbon 
into  carbonic  acid,  it  results  that  5*8  units  of  heat  will  be  produced. 

From  this  quantity  of  heat  is  to  be  deducted  the  heat  requisite  to 
vaporize  the  exhaled  moisture  from  the  lungs  and  from  the  skin.  The 
previous  assumption  of  vapor  emitted  each  minute,  at  0*0014  pound,, 
multiplied  by  1062°  (=  the  latent  heat  of  vapor  at  70°),  gives  1-49 
units  of  heat  as  absorbed  in  the  evaporation,  leaving  4"31  units  of 
heat  to  be  accounted  for.  What  i^roportion  of  this  heat  is  taken  up 
bv  the  labor  of  work,  or  in  the  functional  demands  of  animal  or  men- 
tal life  is  very  uncertain. 

Taking  the  30  cubic  feet  of  air  allotted  in  the  last  number  for  the 
requisite  of  ample  ventilation  of  a  person  each  minute,  we  have  30  X 
0*0744  (the  weight  of  one  cubic  foot  of  air,  of  70  per  cent,  humidity,, 
at  70°  temperature)  =  2*232  pounds  of  air  at  70°  ;  multiplying  by 
0*238,  or  the  specific  heat  of  air,  we  have  0*531  as  the  number  of  heat 
units  demanded  to  heat  the  30  cubic  feet  of  air  1°.  If  it  be  assumed 
that  all  the  heat  unaccounted  for — the  4*31  units — is  expended  in 
heating  the  30  cubic  feet,  then  the  temperature  of  the  30  feet  will  be 
elevated  a  little  more  than  8°.  It  is  not  probable,  however,  that  the 
amount  of  heat  to  be  dissipated  exceeds  one-half  the  total,  and  possi- 
blv  one-third  is  nearer  the  case.  I  think  that  the  elevation  of  tem- 
jjeratnre  of  the  surrounding  air,  when  30  cubic  feet  of  air  per  minute 
is  allotted  to  each  adult  in  still  life,  does  not  exceed  3°,  but  am  ready 
to  admit  that  the  grounds  for  this  belief  are  too  nearly  a  mere  guess- 
to  be  satisfactorily  stated. 

It  is  not  unfrequent  that  in  a  crowded  room,  in  Avarni  weather,  a 
number  of  persons  will  be  collected  together  who  will  have  been  pro- 
vided with  not  over  10  cubic  feet  of  air  per  minute.     On  the  supposi- 
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tioii  ;il)ov<',  the  tcni|)<-r:itiire  <>f  siwh  a  n><»iii  woiiM  he  raised  tVom  70° 
to  1^^,  pre.<entiii<»'  soiiio  |>robal)ility  <»t"  coiiKidi'iKr  with  t'ai-ts.  But 
the  effect  of  any  such  elevation  of"  teni])eraturc  with  the  suj)|)<)se<l  lim- 
ited su])ply  f)f'  air,  will  he  to  increas<'  the  avidity  (»f'  the  air  for  niois- 
tiiPf  and  to  jtroinotc  pcisniration,  which  will  a:^ain  atli»r<l  relief  1)V  the 
(■vaj)oratioii  of  water,  and  tliiis  limit  the  ))r«»])ortion  of  heat  <riven  to 
the  surroudin^  air  to  t(  injH'ratures  of'  endnranee.  As  the  temperature 
of  air  rises,  the  amount  of  heat  jriven  out  l»y  evaporation  will  increiLse 
until  it  even  exceeds  that  <:i\cn  out  l»y  conductiou  oi-  radiation,  or  l»v 
l)oth  c(»mi)ined. 

The  heat  effects  t'rom  a  ua-^  hurnei'  are  as  toll(»ws  :  takinir  the  tjasas 
liavini:-  the  u-nal  «|Uality  ot"  14  to  lo  candle  j)ower,  the  heat  pr<»- 
ceedintr  from  such  tras  is  very  nearly  =  <)22  luiits  for  ca<-h  cubic 
foot  of  iras  liiu'ned.  [Gas  of  14  to  lo  candles  is  such  that  when  o 
culiic  i'eet  are  liurnrd  in  a  pro|»ei"lv  .-jiaprd  Kuiaier,  under  .\  inch 
water  column  pressure,  in  one  hoiu',  the  liuht  ^iven  out  will  he  e<|ual 
to  that  j)roeeediu^'  from  14  <»r  1  o  standard  s|)ermaceti  ctuidles,  ea<-h 
of  which  -hall  iiurn  at  the  rate  of  12i>  LTniins  of  spermaceti  per 
hour. J  This  iiive-«  the  hourly  heat  production  from  4.1  cubic  feet  to 
e«pial  l'S(Ii)  units,  or  4<i"7  units  to  be  di>peu-ed  each  minute.  The 
existence  of  this  <|uantity  ot"  heat  in  c(»nd)ination  with  the  i^a-ses  of 
comliu-tioii  a-  they  ari-e  from  the  fiame,  is  one  of  the  b(>st  estab- 
lished facts  in  phy-ics,  but  its  disju-rsal  when  these  «ra.ses  are  dif"- 
t"use<l  is  scarcely  reconcilable  with  tin-  observed  heat  imjiarted  to  ;i 
closed  room  l»y  a  ^a-  i>uiner.  The  <(uantity  ot"  heat  which  will 
have  disajipcared  by  the  diffusion  is  indeterminate.  I  am  not  now 
williii'.:-  to  admit  that  <tver  one-third  the  heat  which  has  been  the- 
oretically evolved,  will  have  been  imj>arted  to  the  air  of  a  room. 

It  has  been  customary  to  a-<ume  that  1<I  cubic  teet  ot"  air  j)er  min- 
ute tor  each  cubic  toot  ot"  <ras  burne<l  per  lutur  shoidd  be  supplii-il  t"or 
rinfi/aflnii  of  a  iias  burner.  'I'his  rule  «riv(.s  45  cubic  t"eet  «»t'  air  f"or  a 
4.\  t'oot  burner,  l-'rom  >uch  a  burner,  under  such  circunjstances,  the 
temperatine  ot"  the  air  ot"  the  room  beim;  7i>-,  that  of  the  air  axvnd- 
inu'  from  open  biuaiers  will  be  !H>^  an«l  that  ascvuilinir  from  arjpuul 
burners  will  be  I'JS-,  on  the  sujtjiosition  (hat  )inne  of  the  heat  /.■*  irasfed 
in  (lijf)tiiion.  Sup|tosinir  only  one-third  ot'  the  heat  to  be  impartiil  to 
the  ii'ases  or  air  of  dilution,  the  tem|»eralure  ot"  tin-  ascendiuir  currents 
bev(»me  7!^"^  and  S!! -  respi-i-tively.     The  real  tem|M'r:Uur«'  ot"  thcira.ses 
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risinir  from  the  flame  of"  a  gas  burner,  unmixed  witli  air  of  dilution, 
may  be  stated  at  2640°.  Unless  enclosed  in  a  chimney  of  some  kind, 
these  gases  rapidly  mix  with  the  air  around  them,  until  within  two  or 
three  feet  they  fall  generally  below  the  boiling  point.  Still  the  cur- 
rent which  reaches  the  ceiling  of  a  room  is  generally  much  elevated  in 
temperature,  and  spreads  over  the  surface  as  a  stratum,  with  little  ten- 
dencv  to  descend  or  to  mix  downwards,  except  by  difl'usion.  This 
fact  and  the  comparatively  brief  time  of  gas  lighting,  are  great  aids 
in  meeting  the  difficulty  from  heating  and  from  gases  of  lighting. 
Another  thing  must  l)e  borne  in  mind,  that  there  are  no  organic  impu- 
rities to  be  dispersed  from  the  products  of  coml>ustion.  Discomfort, 
and  in  extreme  cases  even  suffocation,  may  follow  the  want  of  ventila- 
tion of  burners,  caudles  or  lamps,  but  disease,  in  a  strict  sense,  cannot 
arise  from  this  cause.  It  is  clear  that  the  test  of  proportion  of  car- 
bonic acid  present,  as  a  measure  of  vitiation,  does  not  a]H)ly  to  lighted 
rooms. 

It  must  be  noticed  that  the  rate  of  supply  of  air  for  gas  burning 
i.  e.,  45  cubic  feet  per  minute  for  a  -ih  foot  burner,  will  eventually 
bring  up  the  rates  of  carbonic  acid  in  any  room  (in  course  of  time, 
however  large  the  room  may  be)  to  0*0014  v<jlume,  supposing  the 
normal  fresh  air  to  have  0*0004  volume  in  it,  and  supposing  that  no 
difl'usion  of  carbonic  acid  occurs  through  walls  or  cracks,  where  air 
will  not  circulate  as  a  current. 

The  ventilation  of  candles  or  lamps  could  l)e  investigated  with 
equal  care  to  that  which  has  been  given  to  gas  lights,  but  it  is  sufficient 
to  say  here  that  the  average  candle  gives  about  one-flfteenth  the  light 
proceeding  from  an  average  gas  burner,  and  about  equals  the  ordinary 
hand  lamp,  Avith  oil  as  the  burning  material.  Either  of  these  can  be 
taken  to  have  somewhat  greater  heat  eflects  than  gas  of  the  same 
luminous  value,  and  about  5  cubic  feet  of  air  per  minute  can  be  taken 
as  the  quantity  needed  for  each  candle  or  lamp.  The  carcel  or  petro- 
leum argand  lamps  can  be  estimated  at  slightly  less  heat  efl'ect  for 
given  light  production,  and  the  smaller  ones  will  equal  two-thirds 
an  average  gas  burner  in  this  regard  ;  such  lamps  will  require  30 
cubic  feet  of  air  per  minute. 
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Applications  of  Electricity.  Ii  li:i-  Ixin  x.in.tiiiu-  tli..ii<:lit 
that  a  ('()j)|K'r  calilc  of  iiioiuioii-  thirUiM-ss  would  Ik.*  n-ijuin.Ml  to  tniii.s- 
riiit  tin-  liv<liaiili<-  j>o\vcrol"  Niair;iia  falls  to  N«'\v  York.  I^rot".  Ayrtoii 
lias  sliowii  tiiat  tlic  wliolf  |io\v<'r  coiijil  Ix-  traii>mitt<.'<l  l)y  a  >lt*n<k'r 
ooj)|»(,'r  wire,  |>rovi(lrt|  thai  ilic  win-  roiiM  Ix-  ilioi«)ii«_'iily  iii~iilat«-<l. 
He  lias  also  >ji(»\vii  that  the  only  hiii<haM<e  to  re«t'iviii^  the  w  hoU- 
|)o\ver  is  the  iiicchaiiical  friction  t»f  the  ina<*liiiies.  Jt  is  tlicn-fon- 
l)eli«,'vt'(l  that  iiiiineiisf  machine,  with  <-ontiMiioiis  ciirront-,  with 
<]eta('hc'(l  t'xcitrr-  or  inaLincto-clcctric  nuu-hini's,  driven  very  rapidly  liy 
«teani  en<;ines,  will  hold  an  important  j)Iafe  in  the  fntnri-  tninsnii^-ion 
of  enerirv.  \\'ith  .-nch  iiiafhint-s  it  woidd  Im-  possihlt-  to  warm,  to 
liuht  and  to  <riv»'  woiU-hop-  tin-  jtower  which  is  nc<'«'>>ary  to  move 
all  their  machinery  hy  means  <»J'  an  ordinary  teleirraph  wire,  tlio- 
rouirhly  in.Mdated  and  transmitting;  ener<;y  iVom  i;reiit  di.-tance.~.  I'rof. 
Perry  thinks  that  it  will  sometime  l)e<'onie  possihle  to  see  wliat  is  jjoini; 
on  in  rcm(»tc  places  I»v  means  <»f  elcctri<it\'.-  Ln  Lionin'f  Khr- 
Inijiii .  ( '. 

Decomposition  of  Nitrates  by  Decomposition  in  the  Dark. 

—  In  |)laiil~  which  i:ro\v  in  the  dark.  althoU'^h  there  i>  a  re;^nlar  ociran. 
j/.ation  and  develo|mieni  of  >talk-.  roots  and  a|tpenda<res.  there  i>  a 
]>ersistent  elimination  of  a  |tortion  of  tlic  material  which  was  conf;iinc«l 
in  the  >vvi\.  The  tissue  ot"  the  origan-  which  arc  dcvclo|)<'d  under  a 
shelter  from  lie;ht  i>  lirm  and  stron<rlv  iMij)rci;natcd  with  a  li'jiiid 
Avhich  has  a  sensihly  acid  icaction.  The  cotyle«lons  .arc,  therefore, 
|)rovided  with  the  principles  which  are  neci>s>arv  tor  the  life  of"  the 
fUiUryo;  hut  nocturnal  vegetation  is  unal)le  to  fix  the  carlton  of  the 
4-arl)onic  acid  winch  is  in  the  air.  IJoussinLxault  has  expcriment«'«l  in 
order  to  Hud  whether  this  impotence  extends  to  the  fertiliziuix  -uh- 
stauee.s,  wiiich  the  roots  commonh-  draw  from  the  soil  ;  if',  tor  cxam|de. 
nitroi^eiioiKS  eoiuj>ounds,  su<'h  .is  the  nitrites  and  the  ammoniat-d  salt>, 
are  assimilated.  He  immediately  found  tli.it  if  a  mea>ui'cd  <piantity 
of  these  salts  is  added  to  a  sterile  soil  a  considcniMc  portion  dis;»p- 
])cars  entirely,  and  only  a  |»ait  of  the  <|uantity  is  fount!  in  the  <;rowtli. 
He  therefore  concludes  that  a  soil  which  had  heeii  rendcre«l  eiitin-ly 
sterile  contains  tnices  of  orijanie  siihstances  after  ve«;ctation  in  the 
ilark.  These  suhstances  are  prohahlv  «hie  to  an  excretion  tVoin  th«' 
root,  wiiieh  exeirises  a  destructive  action  upon  the  aci<l  of  tin-  nitrates 
that  were  ad(h'd  ti»  the  <oiI. — Ann.  »/.•  Cliim.  it  »/»■  I'/n/s.  f. 
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Phosphor-Tin. — An  alloy  of  tin  with  i)lio.sphorns  is  mnch  used 
in  Germany,  especially  in  the  preparation  of  phosphor-bronze.  The 
mixture  should  contain  at  least  9  per  cent,  of  phosphorus  in  order  to 
secure  a  thorough  incorporation  of  the  tin.  If  more  than  9  per  cent. 
is  introduced  the  excess  oxidizes  and  is  driven  off  by  the  heat.  A 
mixture  which  contains  9|^  per  cent,  of  phosphorus  satisfies  the  formula 
P^Sn.,  corresponding  to  the  oxide,  P2O5. — Der  TcchviLer.  C. 

Relations  of  Intensity  in  the  Sodium  Lines.— CI  msc's  sug- 
gestion of  a  probable  planetary  influence  upon  spectral  lines  has  been 
})artially  confirmed  by  the  investigations  of  Dietrich  upon  the  com- 
parative intensity  of  the  two  sodium  lines.  Exj)eriments  upon  differ- 
ent days  showed  diiFerences  of  intensity,  which  furnish  some  indica- 
tions of  regular  progression,  and  which  show,  in  the  oj)inion  of  the 
experimenter,  that  the  lines  do  not  consist  of  homogeneous  light,  but 
of  beams  of  slightly  different  wave  lengths.  He  proposes  to  continue 
the  investigations  for  different  flames,  and  to  publish  the  results  at  no 
distant  period.  The  variability  which  Lockyer  first  noticed  was  most 
strikingly  indicated  in  the  components  of  the  sodium  line. —  Wiede- 
mann's Annalen.  C. 

The  Brin  Process  for  Oxygen. — Boussingault  first  discovered 
the  property  of  barytes  to  absorb  the  oxygen  of  the  air  at  a  certain 
temperature  and  to  restore  it  at  a  higher  temperature.  Great  practical 
difficulties  have  arisen,  from  the  fact  that  the  barytes  rapidly  become 
inert  and  require  to  be  revived,  and  that  the  oxygen  is  usually  very 
impure.  Messrs.  Brin  Bros,  heat  the  commercial  sulphate  of  barytes,. 
in  special  furnaces,  with  25  per  cent,  of  carbon,  in  order  to  form  a  sul- 
phuret,  which  is  dissolved  in  water  and  treated  by  nitric  acid.  A 
nitrate  is  thus  obtained  which,  when  calcined  in  a  special  furnace^ 
gives  a  caustic  barytes  at  a  cost  of  2|  francs  per  kilogramme  (19  cents 
per  pound).  Then,  by  a  proper  preparation  of  the  air  in  order  to 
render  it  easily  decomposable,  by  the  use  of  pumps  and  ventilators  or 
aspirators  in  order  to  facilitate  the  peroxidation  of  the  biuwtes  and 
extract  the  oxygen  afterwards,  and  by  the  employment  of  special  pyro- 
meters for  the  automatic  regulation  of  the  furnace  temperature,  they 
are  already  able  to  produce  oxygen,  of  gi'eat  purity,  at  a  cost  of  62 
centimes  per  cubic  metre  ($3.50  per  1000  feet).  They  think  that  by 
manufacturing  upon  a  large  scale  the  cost  could  be  reduced  to  about 
one-fifth  of  this  amount. —  Cliron.  Jndust.  C 
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Bronzing  Copper.  At  tin-  I'.ni-  mint  iii<'<l:il<  arc  hrou/cd  l»y 
l)oilin;;  tli('iii  loi'  a  <)iiart('r  of  an  hour  in  tin*  follrtwiiij;  solution:  Pnl- 
verizi'd  vcfdit^ris,  o<M>  j;;rainin«*s;  pulverized  sal  aniinoniac,  470 
jijraininc'.s;  strunjr  vincj^ar.  1<)()  j;ratnines;  water,  2  litres.  An  untiniied 
copper  boiler  i."?  used,  and  tlie  rnc«lal.s  are  sej)ar.itetl  Irotii  eacli  other  l>y 
liits  of"  glass  or  \v<»od. — /,i.s  MomlcM,  ( ". 

Chinese  Acoustics.     A  <  hine>e  |)hysici.st  a'vstTts  that  tin-  law, 

which  i-.  commonly  accepted,  and  which  -tates  that  the  oct;ive  of  any 
note  may  he  produced  hy  <|oul)lin<r  the  lonijth  of  a  niusic:il  cord  or 
tui>e,  is  strictly  true  onlv  for  cord-,  lie  >ays  that  e.\periiiient>  with 
tuhes  of  dilVcrent  len;^th>  and  <Iiameters  have  led  him  to  the  conclti- 
sion  that  tin.-  ratio  of  Icui^th  i-  as  4  to  i>.  instead  of  1  to  2.  Tin-  inter- 
est of  the('hinc-e  in  foreii;n  science  is  shown  l»y  the  piihlication  ot" 
mnn«'rous  lOnirlish  anti  American  scientilic  treatises  in  the  Chiiiesse 
lantinaiic,  — /yfv;  Mntiihs.  ('. 

Conservation  of  Electricity. — <^iantity  of  matter  an<l  (piantity 
of  eneriry  are  not  the  only  mai.^nitu<lcs  which  remain  invariahle. 
Lippmann  claims  that  (piantity  of  electricity  enjoys  the  same  j»rojK'rty. 
If  we  study  any  electric  phenomem»n  thoroui^hly  we  find  that  the  dis- 
trihution  of  electricity  may  chan<:e,  hut  that  the  <um  of"  the  «piantitie> 
of  free  electri<-ity  never  varie-.  It"  the  electric  chari;e  inulergoes  a 
positive  variation  at  certain  points  there  i>  a  corre-pondit»>;  ne^^itive 
variation  at  others,  and  the  alLrcl>raic  sum  of  all  simultancou>  varia- 
tions is  always  zero.  riii<  law  con>tiiiites  the  prin<'i|»le  ol"  eoiiservati<»n 
of  elcctricitv.    -Coinpfis  Iiiiiiht.s.  ( '. 

Inverse  Electro-motive  Force.     LcKoux    ha-    puMishe*!   a 

-implc  prucc--  for  -Jiowin^  an  iii\cr-e  elcctro-mofive  force  in  the  vol- 
taic arc.  It  c..nsi>ts  in  e.\tin;;uishini;  the  arc  hy  o|)onini;  the  cireiiir 
and  immediately  re-estal)li-hinjr,  l>y  hand,  tin-  eonunuiii«':itioii  JM'tween 
the  two  carlxuis  throni^h  a  ;,;alvanometer.  This  shows  the  existeiuv 
of  a  I'urreiit  Lroinji;  from  th«'  ne;;ative  to  the  positive  pole  hetweoii  the 
heatiHl  carhon  points  and  in  the  contniry  dinn-tion  in  the  pilvanonieter. 
Ileiicc  arises  the  diniculty  ot"  illuminating;  two  or  njore  an-^^  in  a  eon- 
timious  i'urrent.  since  it  is  nt-cosjirv  to  ovt-rmme  the  sime  ijivei"»-e 
I'orci'  I'oi-  each  arc.  .Mai;neto-eltx'tric  machines  with  alternatini;  cur- 
rents |»rolit  l>y  the  e\i>tencc  of  this  inver>e  current,  and  this  is  one 
source  of  their  Lireat  atlvantiej-c  over  «irilin:ir\  Ii:(ttirie<.  —  ^  mju/./( v 
Untihts.  (   . 
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Magnetic  Intensity  of  Iron. — According  to  Rinman's  investi- 
gatioiLS  the  magnetic  intensity  of  iron  appears  to  increase  with  the 
increase  of  carbon.  In  three  specimens  of  cast  iron  containing  '09, 
'30  and  '57  per  cent,  of  carljon  the  magnetic  intensity  was  /f5,  9'5 
and  11,  respectively. — Berg-  unci  Hi'dten-Zeitung.  C. 

Velocity  of  Light  in  Quartz.— In  investigations  upon  refrac- 
tion, Kohh-ausch  found  nearly  uniform  values  in  different  [)ieces  of 
any  given  substance,  Avhile  Quincke  subsequently  asserted  that  there 
were  great  variations  in  the  refractive  relations  of  quartz,  which 
appear  to  be  somewhat  dependent  upon  the  age  of  the  surface  from 
wliicli  the  total  reflection  was  observed.  He  states  that  this  difference 
reached  two  units  of  the  second  decimal  place  in  some  cases.  Hallock 
has  carefully  examined  a  number  of  specimens,  and  the  greatest  dif- 
ference that  he  found  was  less  than  one  unit  of  the  third  place.  This 
included  the  uncertainty  of  observation,  which  was  equivalent  to  at 
least  two  or  three  units  of  the  fourtli  place. —  Wkdem.  Ann.  C. 
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Working  Drawings,  and  How  to  Make  and  Use  Them, 
designed  for  Industrial,  Technical,  etc..  Schools,  and  Artisans  desir- 
ing a  knowledge  of  the  principles  of  Pattern  and  Template  making. 
By  I^ewis  M,  Haupt,  Professor  of  Civil  Engineering  in  the  Uni- 
versitv  of  Pennsvlvania,  etc.  12mo.  Philadelphia:  Jos.  M.  Stod- 
dard &  Co.     1880. 

Engineers  and  master  mechanics  of  all  kinds  have  greatly  felt  the  loss 
of  time  and  effort  expended  in  instructing  their  apprentices  in  the  very 
rudiments  of  their  professions  and  trades,  and  have  been  amazed  that 
*ven  graduates  of  technical  and  scientific  schools  generally  come  to 
them  with  entirely  erroneous  methods  of  thought  and  practice. 

The  title  and  preface  of  this  book  give  the  im])ression  that  the 
author  has  done  a  good  work  in  presenting  a  plan  by  which  cadet 
-engineers  can  be  graduated  capable  of  entering  the  draughting  room 
and  being  immediately  useful,  with  their  imaginations  trained  to  clearly 
^conceive  an  object  from  a  sketch  or  verbal  description ;  with  the  tech- 
nical knowledge  of  scales,  pencils,  instruments,  inks  and  colors,  and 
the  manual  skill  to  use  them  with  neatness  and  dispatch;  and  with 
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Moiiic  ('X|(cri«'ni-c  oj' tin-  l»«"-t  AMi('ri<':in  jtraftii-r  in  n;,';!!-"!  to  tin-  iiuikiiiir 
of  \v<trl<iii;r  <lr:i\\iii;:s,  >i»cli  as  tin*  iv-lativc  arnuiffciiifiit  ni'  dini-rriii 
vii'ws,  til*'  avuidiiiw-  >,\'  unncco-aiy  njM'titioiis,  the  jii<licioii>  ii-f  of' 
sections,  color! ii;^-,  aii«l  -liadc  lines,  atxi  j»arti<-iiiarly  with  a  knowli-tlp- 
of  tlie  Ix-st  (listril)iitioM  of  diinciision  lines  and  fi;ri ires,  and  with  a  ne:»t 
and  clear  style  of  niakinjr  them.  An  examination  of  tiie  text  will  fail 
to  confirm  this  impression.  Instead  of  teach in;r  '*  How  to  Make  and 
I'se  W'orkin^r  I>rawinirs,"  and  <»f  l)einjr  " the  conMe«tin;r  link  lM-twe<-n 
theorv  an<l  practicv,"  it  is  hased  entirely  on  the  theorv  of  I  )ex'ri|itive 
(ieornetrx'  and  i>  in  direct  oppo-ition  to  the-  pra«-tice  of  Amerie:in  an<l 
l'JiL''lish  en;iin<H  r-. 

l)avie>'  "  1  )escripti\c  (Jeometr\-,"  pnldi-hctj  in  lSii(;[iM  which  tie- 
author  pi'cfer-  no  claim  to  invention  or  fliMoverv,  Itiit  nierelv  to  jtiih- 
lication  in  Ameri<-a,  and  >tates  that  the  snl»i<'«t  ha<  ixi-n  tauLdit  <'\Wi' 
is  17  in  the  W  S.  Military  AejKJemy.  and  that,  in  France,  it  was  tjieii 
considered  indis|)ensal)le  to  the  archite<'t  ami  en«rineor]  i>  moj-e  cle:ir. 
iMtcrc>tinir  Mnd  n-cful  than  the  Ito.ik  niider  review,  which  i-  a  dill'n-i- 
elahoratioii  ol"  the  smui  old  «-v~tcni.  a-  applii-*!  to  the  projection  ol' 
point.-,  rmc>  and  planc<. 

The  hot  en!_rineers  have  loiiiT  ~iii(c  ili-cardnl  ilioc  theories  and 
methods,  with  their  dinlral  anirles,  i,rround  line.-,  j»rojc<-tion>,  traces, 
etc.,  as  tend! nu"  to  confuse  a  suhject  which  is  es.<entiallv  .-imj)le;  ami, 
with  a  full  knowIc<l;re  of  these  «>I<1  jn'oMems,  analvsi-s,  constructions 
and  rules,  have  adopted  the  common  sen.^e  metlMMl  of  showin^r  ohjix't-^ 
as  they  app<'ar  when  viewe<l  from  ditt'erent  side.-,  and  of  |)Iacin;r  these 
views  on  the  |tapcr  in  thiir  natural  relative  p<»-ition-:  thus,  a  top-view 
is  placeil  al>o\"c  a  tVont-view;  a  view  ol"  the  riirht-hand  -idc  i-  placetl 
to  the  riL''ht  either  ot'  the  tVout-view  or  of'  the  tt»p-view ;  a  view  ot"  the 
left-hand  -idc,  to  the  U-ft ;  and  a  view  from  tuiderneath  i-  j)laee<l  In-low. 
Ihc  ad\anta;^e  of  u-ini;:  thi-  tnetlioil  in  dniwint;  a  Mtmplieiit*-*! 
machine  is  very  irreat.  It  luiiit^  the  tliflerent  view-  of  the  s;ime  part 
cIo.-er  together,  facilitating  the  proji'i'tion  of  the  point-,  and  the  Mtni- 
preheiision  of  the  drawinj;  when  tinish(>«l.  It  is  the  natur:»l,  hurii-d 
nu'tlHKJ  of  |ti<M'.(Inre.  A  workman,  -eein^r  on  a  tlrawiui:  :i  front 
view  of  a  hori/ontal  euixine  for  in-tauj-e,  ami  wi-hiu;;  to  pt  the  dimen- 
sions of  the  cr:ud<.  other  than  those  -hown  in  this  view,  would  natur- 
ally c\|»fct  to  find  them  on  the  end-view  -hou  n  next  to  the  «T:iMk-i'nd 
and  not  on  the  one  next  the  cylin«ler-end.  pj\ii-«lv  as  he  would   walk 
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around  to  tliat  end  of  the  engine  itself  to  .<ee  the  thickness  or  length 
of  bearing  of  the  crank. 

The  result  of  the  teachings  of  text-books,  such  as  this,  is  that  the 
o-raduates  of  our  schools,  on  entering  practice,  liave  to  acquire  a  new 
method  of  comprehension,  and  a  new  manner  of  delineation,  which, 
although  far  simpler  and  more  natural  than  the  old,  is  obtained  at  a 
disadvantage,  in  that  the  old  one  was  received  from  what  they  have 
been  taught  to  consider  standard  authorities. 

A  subject  which  is  so  simple,  easy  and  interesting  as  the  making  of 
working  drawings,  and  which  could  be  made  a  relief  to  the  tedium  of 
studies,  should  not  be  put  iu  the  form  of  problem,  theorem,  analysis 
and  construction,  but  should  be  based  on  the  experience  and  practice 
of  eminent  engineers  and  artisans,  and  should  form  a  training  for  the 
common  sense  and  good  judgment  of  .students,  and  a  preparation  for 
their  entrance  to  the  designing  room  and  workshop. 

Even  for  teaching  theoretical  descriptive  geometry  the  engineer's 
.svstem  would  be  simpler  and  clearer,  and  the  advantage  of  atlopting 
it  in  our  technical  and  industrial  schools  would  be  very  great,  because 
the  training  of  the  students  would  then  be  in  harmony  with  their 
future  work,  time  and  trouble  would  be  saved  during  their  early 
apprenticeship,  and  they  and  their  employers  would  be  spared  the 
difficulty  of  overcoming  erroneous  early  impressions  and  prejudices. 
A  text-book  of  descriptive  geometry,  based  upon  the  method  of  thought 
and  mode  of  procedure  actually  adopted  by  skilled  draughtsmen,  and 
supplemented  by  one  on  working  drawings  as  they  are  really  made 
and  used  in  our  large  industrial  establishments,  would  deserve  to  be 
studied  in  every  scientiJie  school  and  by  every  mechanic  in  the  coun- 
try; but  a  professedly  practical  book,  like  the  one  under  review, 
W'hich  teaches  obsolete  methods  and  incorrect  technicalities,  must  cer- 
tainly be  misleading  and  injurious  to  the  people  whom  it  was  intended 
to  benefit.  ^V.  H.  T. 
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The  following  is  an  abstract  of  Mr.  Robert  Grimshaw's  remarks  at 
the  recent  closing  exercises  of  the  school: 

"1  leave  mv  own  drawing-room  for  the  purpose  of  doing  myself 
the  honor  of  attending  the  closing  exercises  of  your  drawing  class;  to 
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testily  tlif  iiitcn-st  1  reel  in  iii.stniclii»ii  in  drawiii;:  in  <j:<.'iienil,  an<l  in 
the  schools  thus  intercstc*!  in  particular. 

"  You  have  kiiully  asked  me  to  speak  in  l)ehalf  of"  tlie  art  of  drawing 
and  of  this  j)arti(ular  s<h<if)l;  hut,  althuui^h  I  note  with  interest  that 
then;  are  hoth  free  hand  and  nie«'hanic:d  drawinj^-^  ex|»os<'d  hen*  its  tlie 
result  of  the'  year's  cour-c,  |»erniit  nn;  to  narrow  n»y  n.Muarks  to  the 
siilijeet  of  niechanieid  drawintr,  concerninji  which  I  know  the  most 
and  in  which  I  am  UKtst  interested. 

"  If  jtrintin;^  he  <h'scril»cd  as  the  art  preservative  of  arts,  dniwiuL' 
mi<;ht  with  eijual  aptness  Ik;  called  the  art  detinitive  of  arts.  It  i-  to 
the  meehanical  arts  what  notation  i.s  to  music,  al<;ehi-:i  to  mathematics. 
Ill  its  wonderful  manifold  (pialities  it  is  uhhI  for  illustration.  d<-cr-i|)- 
tion,  expression;  for  record  and  study;  :l<  an  aid  to  invention,  dc>iifii, 
<'alculation,  tahulation  and  ^cnerali/jition. 

"As  a  means  of  illusti-ation  it  stands  inn"ivaled,  conveving  irlca-  in 
-setjuenee,  and  logical  demonstration  where  words  w(»uld  he  lame  or 
useless.  Without  it  the  <'ollep;  professor  or  the  Franklin  Institute 
lecturer  woidd  he  lost.  That  it  excels  words  in  the  matter  ot"  des<rij)- 
tion  iHJimj»ly  proved  hy  its  free  use  in  des<'riptive  circulars  ol'  machine:^ 
and  hy  its  entry  into  columns  of  daily  papers.  As  a  means  of  reconi, 
our  own  Patent  ( )tlice  has  recently  re<o<:nize«l  it  as  far  supcri(»r  to 
models,  which  have  in  most  ca>es  heen  di>pense<l  with.  It  ha.-  this 
advanta;^e  over  models  that,  while  a  m«Klel  mayhe  tampen-«l  with  and 
show  no  siirns  of  chan<re,  a  dniwini;  would,  even  if  there  were  hut 
one  cojn-  extant,  he  le.-s  easily  altere<l;  if  altered  it  shows  thi-  fraud 
more  jdainly;  and,  hesides  this,  there  are  likely  to  he  duplicates  or 
<'opies  of  the  original  drawing,  which  will  attest  any  change  or  adili- 
tions  made  in  after  years  hy  any  one  to  add  to  or  detra«'t  from  the 
value  of  the  invention.  As  a  means  of  study,  who  could  learn  any- 
thing jdM)ut  the  slide  valve,  for  instan<r,  without  diajxram>".'  A  few 
jM'ncil  lines  relieve  the  imaLrination  of  the  «rreat  str.iin  nei-c^sirv  to 
picture  the  actual  or  relative  positions  of  the  moviiii;  and  lixnl  parts. 
As  an  aid  to  invention,  there  are  manv  who  will  t-ertify  how  the 
friendly  line  has  saved  thou<;ht,  time  ami  ex|K'nse,  has  pnH-cil*-*!  and 
helped  alon<;  the  hirth  of  new  movements  an«l  comhinations,  and 
revealed  faidts  which  woidd  have  l»een  very  exjK'nsive  to  renuMly  in 
the  pattern,  ukkIcI,  i»r  actual  machine.  What  is  true  of  oriijinal 
invention  is  true  of  design  for  well-known  devitvs. 

"Of  course,  knowing  the  value  of  tlrawing,  It  is  easy  to  s<>o  that  it 
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should  be  of  the  right  sort.  A  mechanical  drawing  should  be  accu- 
rate, reliable,  neat,  universally  understood.  If  it  is  not  accurate  in 
its  lines  and  reliable  as  to  its  dimensions,  it  may  be  the  source  of  great 
expense  and  trouble.  If  it  be  not  universally  understood,  it  will  be 
of  little  value.  It  must  be  self-explanatory.  Chorda!  tells  of  a 
young  man  who  prepared  a  drawing  to  send  to  a  distant  city,  and  with 
it  there  were  several  pages  of  fools-cap  explanations.  Being  asked 
what  the  fools-cap  was  for,  he  replied,  'to  explain  the  drawings;'  and 
on  then  being  asked  what  the  drawings  were  for,  he  said  they  were  to 
assist  the  explanations! 

"There  is  much  instruction  given  in  drawing  that  is  worse  than  use- 
less. The  learner  gets  tricks  that  are  hard  to  unlearn,  and  cause  him 
and  others  trouble.  I  remember  my  own  course  in  mechanical  draw- 
ing, in  one  of  the  most  noted  schools  in  this  country.  I  had  gone  all 
through  projection,  persijective,  etc.,  had  drawn  highly  colored  copies 
from  expensive  French  drawings,  and  my  crowning  effort  was  a  canal 
lock  of  most  complicated  structure,  having  upon  its  beautiful  surface 
elevation,  plan  and  section,  in  all  the  glories  of  cut  stone,  brick,  cast 
and  wrought  iron,  and  brass,  with  impo.ssible  water  in  the  foreground 
and  in  the  dim  distance.  Its  winding  steps  were  my  night-mare  until 
I  had  finished  them,  and  my  pride  and  hope  when  the  last  dot  of 
gamboge  was  put  upon  the  knobs  on  the  railings.  Having  completed 
such  a  magnificent  work  of  art,  such  a  triumph  of  engineering,  there 
were  no  more  worlds  to  conquer.  I  was  ready  to  tackle  anything, 
from  a  taper  key  to  a  Bessemer  steel  works.  But,  alas!  When  I 
entered  the  works,  expecting  to  be  set  right  to  work  on  compound 
marine  engines,  I  was  put  to  tracing  stub  ends;  and  when  allowed  to 
trace  a  fly-wheel  my  school  compasses  reamed  out  the  centre,  and  then 
the  bow  pen  cut  the  middle  circle  clean  out,  so  that  my  chief  never 
found  out  about  the  reaDLung. 

"I  had  never  been  taught  to  draw  all  the  small  circles  first,  to  draw 
circles  before' the  straight  lines  which  were  tangent  to  them,  nor  any 
of  the  hundred  similar  little  things  which  should  have  preceded  the 
magnificent  masonry  of  the  hydraulic  lock.  In  a  properly  managed 
drawing  class  this  would  have  been  impossible.  Let  me  say,  in  con- 
clusion, that  the  art  of  drawing,  and  its  practice,  will  save  to  him  who 
possesses  it,  and  to  others,  time,  money,  material,  labor  and  annoys 
ance." 
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Ill  |»;i|H'rs  read  Ixfoif  the  Ameriraii  .S(KMety  i>f  Civil  EiiijiiKfrs  at 
various  dates,*  tlic  writer  lias  t^iveii  the  residts  of"  iiivestij^ations  made 
to  determine  the  holiavinr  of  metals  under  loads  of*  varvinu;  magnitude 
and  iiiidei-  inleriniiled  stresses,  and  to  ascertain  in  what  cas«,\s  and 
under  what  conditions  the  variation,  with  period  of  str«»ss,  of  the 
normal  line  of"  elastic  limits,  discovered  and  announi-e<|  liv  him  In 
the  year  1873,  oceurs  in  practiee. 

Experiments  made hy  Mr.  Merman  Ilaupt,^  forty  yeiir>  a«jo,  re v«-akil 
a  f"aet  not  even  now  «;enerally  uuderstoiMJ  and  ap|)reeiateil — that  liinher 
uiixy  he  injured  hy  a  proIoni^HJ  striss  far  within  that  which  leaves  the 
material  nninjnrnl  when  the  test  is  mad»'  in  the  usual  way  and  «Htu- 
pies  a  few  minutes  only. 

Tiius,  usini;  pieees  ()0\3\1  Inclu's  ( 1 52*4 X 7*62 X 2*54  cm.)  set  as 
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cantilevers  with  a  breaking  moment,  due  the  load,  of  P  ^  ;=  48P 
inch-pounds  (122P„  kiiog.-metres)  he  obtained  for  the  value  of 
6  to  I 


R  = 


the  follovvino-  fio^ures 


K. 

Time. 

Remark. 

2272 

10  minutes. 

Injured. 

1548 

16  days. 

(( 

2624 

5  minutes. 

(( 

1620 

16  days. 

a 

2848 

5  minutes. 

a 

1800 

16  days. 

ii 

5504 

2  minutes. 

Not  injured. 

3600 

2>h  days. 

Injured. 

2304- 

16  days. 

li 

4248 

15  minutes. 

Not  injured. 

7200 

15  minutes. 

Injured. 

3648 

40  hours. 

Not  injured. 

4088 

48  hours. 

Injured. 

b  d' 

Kind  of  Wood. 
White  pine, 

U  ii 

Hemlock, 

ii 

Yellow  pine, 

■  ii  a 

Locust, 

a 
ii 

White  oak, 


All  samples  tested  were  considered  good  selected  timber. 
An  extended  series  of  experiments  made  intermittently  in  the 
mechanical  laboratory  of  the  Stevens  Institute  of  Technology,  Depart- 
ment of  Engineering,  during  some  years  past,*  had  included  an 
examination  of  this  subject  and  the  result  has  confirmed  Haupt's 
earlier  work  and  has  given  a  tolerably  good  idea  of  the  effect  of  pro- 
longed stress  in  modifying  the  primitive  relation  of  stress  and  strain 
where  the  wood  is  good  Southern  yellow  pine. 

A  selected  yellow  pine  plank  was  obtained  for  test,  the  history  of 
which  was  known.  The  stick  was  cut  at  Jacksonville,  Florida,  in 
October,  1879,  was  received  early  in  the  following  year  and  was  piled 
in  the  yard,  air-seasoning,  until  taken  for  test  in  the  spring  of  1880. 
The  plank  measured  4"  X  12"  X  24'  (10'16  X  30-48  X  731-52  cm.). 
When  tested,  it  had  been  seasoning  six  months,  the  latter  part  of  the 
time  indoors. 

From  the  middle  of  this  plank  a  stick  was  first  cut  3"  X  3"  X  24' 
(7-62  X  7-62  X  731-5  cm.)  and  from  this  was  cut  a  set  of  ten  pieces 
from  40"  to  54"  long  (101-6  to  137-2  cm.)  and  from  1^"  to  3"  -square 
in   cross-section  (3-16  to  7-62  em.)  square.     These  latter  pieces  were 

*  Trans.  Am.  Assoc,  for  Advancement  ol  Science,  1879-1880;  Journal  JVanklin 
Inst..  Oct.,  1879,  Sept.,  1880. 
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tefttr'd    on    various    ('onditioiis,  as    tlicii    n'|»<»rt<'<l, '    to    <lft»'riniri<'   the 

values  of  their  mo<liili  of  »'Iasti<-ity  and  ot"  i-nptnro, 

Tlio   rnodnli   <»t"    rn|)tMrr    were    usually    11. 000   to    12,00o   tor   the 

.    V  I    . 
€xprej«ion  li  =  :^  lin    nielri*'   measure,  ~~'.V'-\    to   843*6)  and   the 

'   h(l- 

inoduli  of  eljLSticity  ran^^ed   from   two  to  two  and  a  qiiarter  millions 

(in  metric  measure,  10"    •     140t;  to  loSlTo         10').      In  sjieeiHr  ^rpuv- 

ity  the   wood    ransxed   from  0*70   to   1-00,  usuallv  ahout  OS.'j.      When 

kihi-dried    to  a   moderate  extent,  the  density  wa~  l>ut    little  altereil,  if 

at  all,  but  tli(!  modulus  of  <'];tsti<'ity  rose   to   two  an<l   a    half  millions 

(17375  X   10'')  and   the    mhmIuIu'^  of  rupture  w.t-   itiere:L-;e<j   about  20 

per  cent. 

From  the  j)reviousIy  unused  part  of  the  plank  n  set  of  three  test 
pieces  wjts  cut  al)out  1  inch  (2'o4  em.)  sfpiare  in  seetion  and  testtnl  on 
-supj)orts  40  inehes  (lOlM)  em.)  aj)art,  to  determine  their  breakini; 
loads,  'i'he  re-ult  i>  sli'iun  in  di-tail  in  the  appenth'd  tal>le.  In 
these  specimens  the  annual  riui^s  were  in  the  cros>;-se<'tion  ot"  each 
j)iece,  indicated  by  lines  makinj;  an;;les  of  4')°  with  the  e«l<;es.  These 
pieces  broke  at  345,  380  and  410  pounds  respect ivelv.  The  weakest 
|)iece  broke  by  splinterinj;,  and  ha<l  it  been  as  .soun<i  as  tlie  others 
would  probably  also  have  sustained  a  somewhat  heavier  load.  As 
will  be  seen  i)y  comparison  with  the  other^ind  with  sub>e<juent  tests, 
the  <leHecti<»n  of  the  strongest  piece  in  the  set  is  excepti»)nallv  small 
Jind  the  piece  probably  I'Xceptionally  stron<;  and  stiff.  We  mav  there- 
iore  take  375  puiinds  (170  kiloj;,),  (n-  a  trifle  over,  as  a  irooij  averaLfe 
for  loads  breakiui,^  pieces  of  this  si/e. 

.Nine  other  pieces  were  cut  and  dresse«|  to  the  sime  size  and  were 
moiMited  on  supj>orts  40"  apart,  in  a  fnime  arrangiii  for  the  purj>ose 
in  the  workshop  of  the  Institute,  in  three  set.s  of  tlire<'  each. 

J'liese  .sets  were  loaded  thus: 

ist  s<'t,  250  pouuils  (113-t;  kilo^r>.i  ;  fable  2. 

2d  set,  300  pounds  (13(J-4  kilojrs.);  Table  3. 

3d  set,  350  p<»unds  (158-1  ki logs.);  T.able    I. 

( )r  to  about  t)0,  SO  and  !>5  per  cent,  of  their  probable  njaximum 
.strength,  as  indicated  by  ordinary  te<t  of  the  compani<»n  lot  almve 
(les<.!ribe<l.  Their  deflectinn>  were  mea>ured  when  S4't,  an«l  at  intervals 
subseipiently,  by  means  of  an  accurate  micrometer  reading  t<»  len- 
thousuidths  of  an  inch. 

*Traii.>«.  \\\\.  A^H,H.-.,  1880;  .I.>iirii:il  rriiiiklin  Inst.,  1S8U. 
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The  whole  set  of  bars,  loaded  most  heavily  as  above,  broke  within 
two  days  ;  one  bar  yielding,  as  shown  in  Table  2,  at  the  end  of  a 
period  included  between  observations  taken  at  4 J  and  13|  hours  from 
the  beginning,  the  second  breaking  at  some  time  between  27  and  iiO^ 
hours  and  the  third  giving  way  at  the  end  of  43  hours.  A  load  of 
871^  per  cent.,  the  maximum  obtained  by  usual  methods  of  test,  is  thus 
shown  to  be  capable  of  breaking  the  piece  under  the  conditions  here 
described,  and  an  apparent  "  factor  of  safety "  of  l^th  is  evidently 
not  a  factor  of  safety  at  all  when  time  is  given  for  the  piece  to  yield. 

The  second  set,  loaded  ^vith  0*75  the  maximum  momentary  weight, 
all  broke,  as  is  shown  by  Table  3,  one  at  the  end  of  about  3|  days, 
another  after  5  days,  and  the  third  at  the  end  of  a  little  more  than  a 
month.  It  is  probable  that  these  differences  of  time  are  due  to  differ- 
ences of  strength  more  than  to  variations  of  the  effect  of  time  of 
stress.  A  "  factor  of  safety  "  of  1^  is  evidently  not  a  real  factor  of 
safety  for  M'ood  in  such  cases  as  this. 

The  behavior  of  the  third  and  last  set  of  test  pieces  is  shown 
in  Table  4.  These  pieces  were  loaded  with  60  per  cent,  of  the  aver- 
age breaking  weight  under  ordinary  test.  Left  under  this  load,  the 
deflection,  in  every  instance,  slowly  and  steadily  increased  from  about 
one  inch  (2'54  cm.)  to  some  considerably  larger  amount  at  the  end  of 
the  period  of  investigation.  Fortunately,  as  is  indicated  by  a  compa- 
rison of  these  initial  deflections  with  those  observed  under  the  same 
weights  when  testing  the  first  set,  and  by  their  close  accordance  with 
each  other,  these  pieces  were  all  good  samples  of  a  good  quality  of 
yellow  pine. 

The  increase  of  deflection  was  almost  precisely  the  same  for  all  for 
several  months,  a  fact  which  is  of  importance,  as  showing  not  only 
the  gradual  progress  and  the  steadiness  of  yielding,  but  also  that  no 
accident  produced  final  rupture.  Finally,  after  several  months  (about 
6000  hours ;  the  exact  time  is  uncertain),  the  piece  which  had  at  the 
beginning  shown  most  pliability  broke  completely  down.  The  next 
piece  to  break  was  that  which  was  intermediate  in  stiffness  between 
the  two  others ;  it  broke  at  the  end  of  about  9000  hours — precisely 
one  year  from  the  date  on  which  the  load  was  im|)osed. 

The  last  of  the  three  pieces  of"  this  set  still  carried  its  load  of  60  per 
cent,  of  the  nuiximum  under  ordinary  test  at  the  last  date,  but  it  was 
still  very  slowly  but  unmistakeably  yielding,  its  ilefiection  having 
increased    nearly    0"4    inch    {1'016    cm.)    during    the    preceding    five 
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niontlis,  ff  finiillji  hrokr  Jn/if  '.Wsf,  ]HX\ ,  nhout  eleven  ihouHand  one 
hundred  lionrH  <iffrr  it  received  ilx  loud  ( lo  tnoutltH),  wliicli  N>a<l  wjl><,  it 
will  !)('  noted,  Imt  abitut  <)<>  [mt  coiit.  of  its  estimated — and  |>rol):il)|y 
])ractieallv  coirect     original  Itii-aUinj;  \vei{:;lit. 

'I'liis  verv  reniarkal>le  resnlt  fittingly  terniinatr-d  this  S4'ries  mI"  U'sb* 
<){'  \vo(m1  snl>ie<-ted  to  prolonged  .str(.'.s<.  An  insjH.'ftion  of"  tlie  broken 
liars  ^avo  n(»  indi<:iti(.n  nl"  reduction  of  strength  by  dec«y  ;  the  pieces 
were  perfeetly  sound  and  the  fraetiire.s  sho\ve<l  excellent  material. 

Comparinf;  the  nitimate  deflections  attained  by  the  several  sets  of 
bai-s  it  is  seen  that  the  avera<re  nnder  ordinary  test  wils  almut  I'M 
inches  (4'G  cm.).  Under  a  load  n!).'»  that  then  carrieil,  the  md-;  brnkr 
at  a  deflection  of  2"  1  inches  ((J  cm.);  loaded  to  •8()  the  maximnm,  the 
deflection  became,  at  the  end,  .'5  inches  (I'i'i'l  cm.)  as  a  maximnm,  an<l 
the  nitimate  deflection  of  the  most  li«;htly  louleij  pieces  (70  per  cent., 
the  maximnm  load)  was  something  h'ss. 

The  last  set  beinir  comiiarcd  with  the  first,  it  is  seen  that  a  load  rif 
<><»  per  cent.,  the  maximum  ^iven  by  the  usual  form  of  test,  is  for  su<'h 
])ieces  unsafe,  and  that  one-half  the  nitimate  d<-flecti<>n  luider  usual 
methods  of  test  marked  a  point  beyond  whi<'h  loads  become  certainly 
iinsafe,  althouijh  it  would  seem  that  a  slitrhtly  smaller  load  nii;;ht 
have  lieen  cjirried  indefinitely,  ur  until  decay  should  weaken  the  lim- 
ber. .\  factor  of  safety  of' two  wnuld  po-vsibly  have  |Mrmiltcd  indcti- 
uite  endurance  under  static  load. 

Takiiiii;  the  probable  breaking;  load  under  unintcrMiiitcd  >tress  :i.> 
;')<)  per  cent.,  that  sustaine<l  its  a  nuiximum  under  usual  tests,  ami  then 
applying;  a  factor  of  safety  of  two,  we  obtain  as  a  safe  factor,  lKL-«od 
on  the  or<linary  test,   I. 

'I'lic  writer  would  conclude,  then,  that  timber  mav  be  placed  with 
the  "tin-cla.ss"  amoni;  metals,  as  exhibitin<j:  a  <lepri'ssion  t>t"  the  nor- 
mal series  of  elastic  limits  under  prolonirnl  stress,  an*l  that  this  etl'wt 
is  .so  seriou>  in  its  character  and  so  im|)ortant  in  its  eflcvi.s  that  an 
extended  and  complete  investiLTation  of  the  phenomena  :ls  exhibit«Nl 
in  lindter  (»f  various  sizes,  and  of  all  the  kinds  in  u.se  in  enj;inivrin^. 
or  iu  construction  «;enerally,  would  be  of"  ijivat  value,  even  if  not 
imperatively  den)ande<i. 

In  brief,  the  conclusions  to  be  drawn  from  the  research  liere 
described  as  having  Imhmi  made  duriui;  the  past  fituvn  months  in  the 
McH'Imnieal  Laboratory  of  the  l>epartinent  of  Engineering  of  the 
8tevens    ln.stitute  of  Technoloirv  are   oviilentlv  that    small  stvtions  of 
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yellow  pine  timber  yield  steadily  over  long  periods  of  time  under 
loads  exceeding  60  per  cent.,  the  maximum  obtained  by  ordinary  tests 
of  their  transverse  strength,  and  finally  break  after  a  period,  which 
with  the  lighter  loads  may  exceed  a  year ;  that  deflections  half  the 
maxinmm  reached  under  test  may  be  unsafe  for  long  periods  of  time,, 
and  that  a  factor  of  safety  of  at  least  4  should  be  used  for  permanent 
static  loads  when  the  character  of  the  material  is  known. 

.  The  writer  would,  in  the  light  of  what  is  now  known,  always  use  a 
factor  of  safety  of  at  least  5  under  absolutely  static  load,  and  when  the 
uncertainties  of  ordinary  practice  as  to  the  exact  character  of  mate- 
rial, and  especially  where  shake  and  the  impact  of  live  load  were  to 
be  considered,  would  make  the  factor  not  less  than  8,  and  for  much  of 
our  ordinary  work  10. 

The  above  experiments  were  arranged  and  supervised  by  Mr.  J.  E. 
Denton,  and  the  observations  made  and  recorded  by  Mr.  A.  Riesen- 
berger,  to  both  of  whom  the  writer  is  under  great  obligations  for 
intelligent  and  zealous  assistance  and  co-operation  in  this  as  in  many 
other  investigations. 

Hoboken,  N.  /.,  July  31st,  1881. 
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iBLE    2. 

Time  test ;  P  =  350  lbs. 

A. 

B.                            .              C. 

6^1-1;  d- 

=  11 

b  =  1-12 ;  d  =  112              6  =z  11  ;  c/  =  1-1 

Distance  between  supports  40'^. 

Load     LI  is. 

Time 

load  was 
applied. 
Hours. 

Deflection. 
Inches. 

Time 
load  was 
applied. 
Hours. 

Deflection. 
Inches. 

Time 
load  was 
applied. 
Hours. 

Deflection. 
Inches 

40  (weight  of  box). 

1 

350 

•1565 
1-7350 

1 

1 

-1705 
1-7175 

1 

-1840 

350 

2-0300 

'Between 

! 

350 

.18 

2-3385 

27 
and 

Broke 

1      i 

Between 

2-3500 

350 

43 

Broke 

30i 

- 

4U\:13i 

Broke 
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100 
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a         5    a 
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"      5  " 
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!.-)() 

•«576  i 

1         150 
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•6833 

o      '' 
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H          5    U 

•5835  i 
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u       5  « 

-6950 

2(M) 

•8U.S4 

200 

•7r)4o 

2(KI 
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6     " 
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a       5  - 

•7730 

«       5  u 

•9468 
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11 552 
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1-2058 

»«           r        (< 
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5  " 

•<»775 

"       .')  " 

1-2433 

.'iOO 
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Table  3. 

Time  test ;  P  —  300. 
B. 
6  =  1-11 ;  rf  =  108  6=1-1;  rf  =  1-12 

Distance  between  supports  40' 


A. 


C. 
1  1:  (/  =  1-12 


Load      lbs. 

1    Time 
load  was 

applied. 

Hours. 

Deflection, 
inches. 

'    Time 
load  was 

applied. 

Hours. 

Deflection, 
inches. 

1    Time 
load  was 

applied. 

Hours. 

Deflection, 
inches. 

40  (weight  of  box), 
300 

•1641 
1-4461 
1^5980 
I'^^m  - 
1-7316  ^ 
1-9171 
2^1026 
2-1316 
2-2596 

2-4796 

2-7586 
3-0586 
broke. 

•1470 
1-1215 
1-1835 
1-2370 
1-2735 
1-2770 
1-4280 
1-5485 
1-6380 

1-7740 

1  -8505 
1-9360 
1-9610 
1-9830 
2-0050  I 
2-0280 

2  0440 
2-0580 
2-0630 
2-0810 
2-1110 
2-1310 

' 

•1930  • 

300 

1-6725 

300 
300 
300 
300 
300 
300 
300 

300 

300 

1 

3 
5 

221 
471 
54' 
70i 

781 

951 
1181 
121' 

1 
2 

3 

-41 

5 
21| 
46| 
69| 

77| 

94| 
117| 
141| 
165f 
189| 
238 
262 
286 
310 
335 
359 
406 

1 

2 
18i 
44 
50 
661 
741 
betw'n 
791  & 
881 

1-8660 
1-8950 
2-2450 
2-5450 
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2-7310 
3-0000 

broke. 
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300 

300 

300 

... 

300 

300 

300 

. 

300 

430         2-2110 
454         2-2820 

300 
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478 
502 
526 
598 
622 
646 
919 

2-4570 
2-5510 
2-5870 
2-6435 
2-6520 
2-6600 
broke,    j 

300 

300 

300 

300 

300 

1 

300 

1 

1 
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AN  EXPERIMENTAL  INQUIRY  INTO  THE  RELATIVE 
ECONOMIC  EFFICIENCIES  of  a  CORLISS  CONDENS- 
ING   AND    A    CORLISS    NON-CONDENSING    EN- 
GINE,   WORKED    BY    SATURATED   STE\M 
OF  NEARLY  THE  SAME  BOILER  PRESSURE 
IN  UNJACKETED  CYLINDERS. 


Bv  Chief-Engineer  Isherwood,  U.  S.  Navv 


An  important  problem  in  steam  engineering  is  the  determination  of 
the  boiler  pressure  at  which  the  economic  efficiency  of  a  non-condens- 
ing engine  becomes  equal  to  that  of  a  condensing  engine  using  steam 
of  the  same  boiler  pressure ;  there  being  included  among  the  factors 
of  the  problem  the  difference  in  the  temperature  of  the  feed-water  in 
the  two  cases,  and  the  power  required  to  work  the  air-pump  of  the 
condensing  engine. 

In  favor  of  the  condensing  engine  are  the  very  much  less  back 
pressure  against  the  piston  than  with  the  non-condensing  engine,  and 
the  greater  measure  of  expansion  with  which  the  steam  can  be  used  in 
consequence  of  that  less  back  pressure.  And  in  favor  of  the  non- 
condensing  engine  are  the  higher  temperature  of  the  feed-water  than 
with  the  condensing  engine,  and  the  saving  of  the  power  required  to 
work  the  air-pump. 

Now,  as  the  back  pressure  in  the  two  cases  may  be  taken  as  practi- 
cally constant,  say,  for  good  practice,  3*5  pounds  per  square  inch 
against  the  piston  of  the  condensing  engine,  and  16  pounds  per  square 
inch  against  the  piston  of  the  non-condensing  engine ;  and,  as  the 
temperature  of  the  feed-water  in  the  two  cases  may  also  be  taken  a& 
practically  constant,  say  100  degrees  Fahrenheit  for  the  condensing 
engine  and  200  degrees  for  the  non-condensing,  there  is  evidently  a 
boiler  pressure — or  rather  an  initial  cylinder  pressure — at  which  the 
economic  efficiencies  of  the  two  types  of  engine  become  equal. 

From  the  data  it  would  seem  that  the  boiler  pressure  in  question 
admitted  of  exact  calculation  and  did  not  require  an  experimental 
determination,  and  such  would  be  the  fact  were  the  steam  used  in  cyl- 
inders whose  material  remained  unaffected  by  heat,  but  as  the 
cast  iron  of  cylinders  is  greatly  affected  by  heat,  accepting  and  deliv- 
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criii^  it  larj^cly  :m<l  witlj  wonderful  ni|)i(lity,  the  qiie.stioij  jkun'^'S  fr«>tn 
tli<'  altstract  tn  the  concrete  form,  boccjniing  purely  exiH-rinjenliil,  like 
all  (|iiestion>  in  phy.-ics,  no  confidence  Ixfinj;  due  to  any  merely  math- 
ematical di^eu^».si(>n  of"  the  e:i.se.  One  of  the  most  im|H»rtant  <-jni.ses  of 
steam  conden.sation  in  a  cyliiuler  heinj^  the  diflerence  JK-tween  the 
extreme  temperature.*^  in  it  during;  a  doid>le  stroke  of  the  piston,  and 
these  extremes,  with  con.stnnt  initial  pressure,  being  greatly  afl"e<te<l  l>y 
the  hack  ])ressure  which  lessens  them  jl-^  it  incrwises,  this  latter  factor 
influences  the  pnjhlem  t<»  a  far  greater  extent  than  its  stati<-al  value 
alone.  The  extent  of  that  influence  c:in  only  Ije  luscertainetl  l»y  ex|>eri- 
menl  which  including  the  ol)s<'ure  physiis  of  the  subject,  unknown  to 
calculation  but  potent  on  the  result,  is  able  to  give  a  true  .-olution 
when  a  mere  mathematical  treatment  w<nild  lead  to  excessive  error. 

As  ex|)eriments  have  abundantly  prove*!  that  no  economic  g:iin  is  to 
be  obtained  by  using  steam  with  metisures  of'  expansion  lK'yon<l  the 
very  iii(M|erat<*  ones  e:tsily  commande«l  in  non-<'oMdensing  engines 
W(»rUed  by  .•-team  i>|"  not  less  than  7n  pounds  lM)iler  pressure  |»er 
.s(piare  inch  above  the  atmosphere,  the  idea  mav  Im-  definitelv  dismissed 
that  the  possibility  of  cjirrying  expansion  in  the  condensing  engine  to 
a  greater  degree  than  in  the  iion-<-ondensing  one,  is  an  economic 
advantage. 

The  higher  temj»er;iture  of  the  f"ee<l-water  with  the  non-condeii.-ing 
engine  residts  from  the  gresiter  se-nsible  iieat  of  its  exhau.st  steam 
which  is  utilize<l  by  means  of  a  "  he;iter  "  in  raising  the  tem|>eniture 
of  th«'  feed-water.  The  .sensible  heat  thus  utiliz-dde  with  either 
engine  is  j»ractic;illy  controlle<l  bv  the  back  pressure  agtiiiist  which  the 
steam  exhausts;  tlu-  higher  that  |>ressure,  therefore,  the  higher  will  Ik.' 
the  temperature  of  the  teeil-wat4r  ;  and  :ls  the  non-4-ondensing  engine 
e.xhausts  against  a  much  higher  pressure  than  the  condensing  one,  the 
tem|H'rature  of  its  fee<l-water  will  l)e  corres|H»nJingly  higher. 

The  sime  boiler  furnishing  e<pial  weights  of  stuim  of  the  .same 
pressure  in  eipial  times,  but  supplieii  with  fml-water  of  different 
tiinperatures,  will  have  a  higlur  (Honomic  vapori/:iti«>n  with  the  hot- 
ter feetl-water,  additional  to  what  is  dm'  to  the  difference  of  he:it  to  l)e 
impartial  in  the  Ixtiler  in  the  two  c:i.sc>,  owing  to  the  shnver  c«tmbus- 
tion  of  the  fuel.  The  hotter  the  fWtl-wat»r,  the  K-ss  lu-at  is  re«piireil 
to  be  imparttnl  to  it  in  the  Iwiiler,  .s<i  that  for  tiptal  weights  va|»oriKetl 
in  iHpial  times,  the  slower  proportionally  will  l>e  the  rate  at  which  the 
fuel  is  consumtil,  whemv  results   that   a   less  quantity  of  he:it   U-in^ 
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thrown  on  the  lieating  surface  of  the  boiler  in  a  given  time,  the  more 
of  it  will  be  absorbed.  This  gain  would  appear  were  the  economic 
results  of  the  experiments  to  be  measured  by  tlie  weight  of  fuel  con- 
sumed per  liour  ])er  horse-power  developed,  but  it  does  not  appear 
when  they  are  measured  by  the  number  of  Fahrenheit  units  of  heat 
consumed  ])er  hour  per  Jiorse-power. 

To  work  an  air-pump  requires  a  power  equal  to  the  lifting  of  the 
water  of  condensation  and  the  condensing  water  a  certain  height,  to 
the  expulsion  of  the  air  and  uncondensed  vaj^or,  and  to  overcoming 
the  friction  of  the  mechanism,  all  of  which  is  saved  by  the  non-con- 
densino;  engine. 

Comparable  experiments  with  the  two  types  of  engine  are  rarely 
found,  but  being  in  possession  of  the  details  of  the  trials  made  in 
1878  on  a  Corliss  condensing  steam  engine  in  the  city  of  Mulhouse, 
Alsace,  Germany,  and  published  in  the  last  May  and  June  numbers  of 
this  journal,  and  of  the  still  more  copious  details  of  the  excellently 
conducted  trial  made  by  Mr.  John  W.  Hill  of  a  non-condensing  Cor- 
liss steam  engine,  in  1874,  for  the  Fifth  Cincinnati  Industrial  Expo- 
sition, I  am  able  to  offer  an  experimental  determination  of  the  boiler 
pres.sure  which  in  the  case  of  the  non-condensing  engine  gave  an  eco- 
nomic result  equal  to  that  given  by  the  condensing  engine  operated 
with  nearly  the  same  boiler  pressure. 

Both  engines  were  land  engines,  both  had  precisely  the  same  valves 
and  valve  gear,  both  had  horizontal  cylinders  with  the  same  stroke  of 
piston,  both  had  the  same  proporcion  of  space  in  clearance  and  steam 
passage  atone  end  of  the  cylinder  to  space  displacement  of  the  piston 
per  stroke  ;  the  only  dimension  of  importance  in  which  they  differed 
was  the  diameter  of  the  cylinder,  which  was  fifty  per  centum  greater 
in  the  condensing  engine  than  in  the  non-condensing.  Tn  both  engines 
saturated  steam  was  used  without  cushioning;  or  sensible  release  or 
lead.  Xeither  was  steam -jacketed;  the  cylinder  of  the  non-condens- 
ing engine  had  no  jackets,  and  although  that  of  the  condensing 
engine  had  jackets,  yet  during  the  experiments  with  it  selected  for 
comparison  (Experiments  B  and  C  of  the  table  opposite  page  372  of 
the  last  May  number  of  this  journal)  there  was  no  steam  in  them. 
Both  cvlinders  were  well  felted  and  la^ffed. 

The  valves  and  valve  gear  of  both  engines  were  alike.  Each  cyl- 
inder had  two  steam  valves,  one  at  each  end  and  upon  its  upper  side ; 
and   two   exhaust  valves,  one  at   each   end   and   upon    its  lower  side. 
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Th(;  viilvc-s  wen-  all  liori/oiital  <inular  slidi-s  workinj;  with  th«.'  >t«-:iin 
presMirc  on  tlieir  Iwuk;-.  J  hey  wt-re  «)|H*i"ato«|  hy  lj«-ll-«rank  levers 
keyed  to  their  steins,  to  whieh  h'vers  pmIs  wen*  artieulat«il  eoiineetiii^ 
them  with  a  wrist-|)late  oscillating  on  a  jouinal  supjxjrtitJ  l»v  the  side 
of  the  cylinder.  The  wrist-plate  rtveive<l  its  motion  from  a  roti 
ho<>ke<l  on  it.s  arm  at  one  end  and  attacjieil  at  the  i»ther  to  an  U|tri;;ht 
lever  at  the  side  oC  the  engine  Cnirne,  which  in  (nrn  nji-^ive*!  it-* 
motion  from  tin-  |(m1  tA'  an  ordinary  ee«-entric.  The  wrist-plate  is 
moved  thron;rli  an  an-  of  ciiii>iih'nil)le  extent,  an<l  owinj;  to  the  man- 
ner of  its  connertitm  with  the  »'ccentric,  \\i\>  its  sjHeii  of  ors-illation 
maintained  after  the  <rank  ha>  iclsmiI  ii>  dc:id  i-entres ;  so  tliat 
appro.\imat<'ly  the  initial  o|ienin}r  and  final  clu.-inj;  of  the  valves  are 
perl'ormetl  while  they  are  at  their  greatest  sp<.*e<l.  The  valves  when 
elosetl  have  a  slow  rrovenjent,  Inximse  their  <-onnectin^r  hkIs  are 
then  in  a  position  approximately  radial  to  the  journal  on  which 
the  wri>t-plate  os<illates.  The  two  pkIs  conne<-tin^  with  the  exhan>t 
valves  have  |)ermanent  articulation  with  the  hver>  on  their  valve 
stem."*;  hut  the  two  r<Ml>  comie<tinir  with  the  >tcam  valvo  ar<- 
detachahic  from  the  levers  of  their  valve  stems,  the  <le(:i<hment 
hein;;  ellectcd  hy  the  action  of  the  p»vernor  at  anv  point  durini; 
tiic  stroke  ol"  the  |.i>iun.  Tiie  ste:im  valves,  wlu-n  <leiache<l,  Immuit 
free,  are  clo-.e<l  (piiekly  l»y  the  fall  of  a  weight  -u-;|Mnd«i|  l»v  a 
rod  from  the  hell-crank  on  the  valve  stem,  and  w<irkin<.'  in  a  d:t*h- 
pot  iMneaih.  This  detachment  and  (piick  «'h»in«;  ol'  the  -team 
valveH  enables  them  to  Ik*  usetl  al.s<»  as  cut-otf  or  expan>ion  valves 
the  point  of  cutting;  otf  heinjr  variable  by  the  pivernor.  The  two 
rods  comiectinj;  the  wrist-plate  with  the  levers  of  the  <t«*:un  valves 
are  attached  to  thcH-  lever>  by  a  hiM.k  on  the  up|Hr  >iile  of  the 
lower  branch  of  what  is  c:ilKtl  a  "  i-rab  claw  "  which  is  jointeil  to  the 
hkI,  antl  the  detachment  of  this  hcMtk  from  tlie  valve  levur  is  etK*<-fe<l 
by  a  i*;im-like  pntjtvtion  or  stop  which  oseillates  on  the  valve  stem 
biishin^  and  is  conne<te<l  with  the  ^«»vernor.  The  |H»sitiou  of  this 
stop  bein;:  thus  variable  by  the  vertiwd  movement  of  the  ptvernor. 
auises  the  detachment  of  tin*  ho<»k  eiirlier  or  later  in  the  >troke  ot  the 
piston  a«conlin<^ly,  and  thus  changes  the  |Hiint  of  «uitin<r  ..ff  the 
steam. 

.Ml  the  valve  >tem>  extend  «lear  throu-,di  the  kieks  of  the  evlin- 
dritid  valvis.  for  whi«h  di-tance  they  are  niaile  Mat,  the  ba<'ks  »»f  the 
valves  king  slotted  t..   retvive   them.      Thu-   the  valves  are   not    su— 
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pended  on  their  steins,  which  latter  only  work  but  do  not  support 
them,  leaving  the  valves  free  to  rest  directly  on  their  seats  and  follow 
down  the  wear. 

The  purpose  of  this  valve- gear  is  to  open  and  clo.se  the  valves  with 
the  maximum  velocity.  To  cut  off  the  steam  by  detaching  the  steam 
valves  and  leaving  them  free  to  clo.se  with  as  great  velocity  as  can  be 
given  to  them  by  a  falling  weight,  the  moment  of  detachment  being 
variable  by  the  action  of  an  ordinary  governor.  The  economic  effect 
to  be  obtained  being  whatever  might  be  due  to  the  les.sening  of  the 
small  rounded  corner  on  the  indicator  diagram  where  the  cut-off  valve 
closes,  formed  by  the  necessarily  slow  or  gradual  closing  of  that  valve 
in  any  case.  And  also  to  the  quick  opening  and  closing  of  the 
exhaust  valve,  which  allows  the  minimum  back  pressure  against  the 
piston  to  be  obtained  as  quickly  as  possible  and  held  as  long  as  possi- 
ble. The  valve  gear  was  also  used  to  graduate  the  power,  instead  of 
a  throttle  valve,  the  graduation  being  effected  Avith  a  constant  initial 
cylinder  pressure  by  the  shorter  or  longer  cutting  off  of  the  steam. 
And  as  this  valve  gear  was  contrived  in  the  faith  that  every  increase 
of  expansion  with  which  the  steam  was  used,  down  to  nearly  the  ixick 
pressure,  increased  its  economic  efficiency,  the  supposition  was  that  the 
shorter  points  of  cutting  off,  following  each  decrease  in  the  load, 
caused  a  material  saving  of  fuel.  Further,  the  u.se  of  four  valves, 
two  at  each  end  of  the  cylinder  and  of  the  slide  type,  reduced  the 
space  in  the  steam  pas.sages  to  the  minimum,  and  thereby  undoubtedly 
saved  fuel  to  a  corresponding  extent ;  while  the  straightness  and 
shortness  of  these  passages  prevented  the  lowering  of  the  steam  pressure 
and  the  raising  of  the  back  pressure  due  to  longer  and  more  tortuous 
passages. 

Both  the  condensing  and  the  non-condensing  engines  had  been  put 
in  the  best  state  po.ssible  for  the  trials,  which  were  made  with  the 
utmost  care  and  every  precaution  for  exactne.ss  by  competent  and  dis- 
interested persons.  In  both  cases  indicator  diagrams  were  taken  every 
fifteen  minutes  from  each  end  of  the  cylinders,  together  with  a  com- 
plete set  of  observations  of  the  other  data.  The  steam  pressure,  load, 
point  of  cutting  the  steam,  speed  of  piston  and  all  the  other  condi- 
tions were  maintained  without  sensible  variation  during  each  experi- 
ment. All  the  instruments  and  measures  used  were  previously  tested. 
The  revolutions  of  the  engine  shaft  were  noted  from  a  counter.  The 
weight  of  feed-water  consumed  was  accurately  measured  in  tanks  and 
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tlir-n-  \v;i>  im  il««iil»t  that  all  tlii-  water  \va-  va)M»ri/«-«l  aii«l  that  all  tln' 
Hteaiii  ^(;iH*rat<<l  from  It  enter*'*!  the  < yliiuhrs  wli<»s<*  |ii.st<>nH  ami 
valves  lia<l  Ix-eii  secur<'<l  steam  ti^lit.  In  lH»tli  exjMTJmentx,  the  |¥»\ver 
reqiiin"*!  to  work  the  eni;ine?>,  prr  sc,  wa"  e:ilcnlatii|  from  in«li<-atMr 
<liaj^rani>  tal<<ri  rium  ihr  iinloa<l<<l  ••ii<^iiic  with  it-  piston  at  th*-  -^imi' 
s|)ee(|  as  dnriii;^  tin-  <'\|Mrini<-nt. 

Ilail  the  eylJMihrs  in  the  two  ejusos  l>con  of  the  sune  «liamet»r,  an<l 
had  their  |>i,-toii  -.|k'»hIs  Keen  the  saint',  tin-  exjM'riinents  wotiM  have 
heen  al)S(»lntely  eoinparahle.  As  it  was,  th»'  non-<'on(h-nsin;X  rvlitxh-r 
had  a  diameter  of  1<)|^,^,  inches,  while  tlie  diameter  «»f  the  ••ondensin^ 
< ylinder  was  'Jl  ineln's,  which  wa.s  in  favor  of  the  latter, oconomi«nllv. 
as  rej^ards  the  loss  hy  cylinder  c«>ndensntion,  for  tiiat  loss,  other  thinp< 
e(jnal,  is  less  with  greater  diameters  of  eviinder.  The  sjnf*!  of  the 
piston  (»f  the  non-<'ondensin^  en;;in«'  was,  however,  greater  than  that 
of  the  (•<tndensin;X  en;jine  in  the  pro|»ortion,  ronndiv,  of  'Jo  to  }I«. 
which  was  in  t"av<»r  <tf  the  former,  e<'onomic:illv,  :ls  re^irds  the  hiss  l»v 
cylinder  condensation,  for  that  loss,  other  thin;^  (-iinal,  is  less  with 
greater  speed>  u|"  |)i-t<>ii.  TIicm'  two  ditlerr'nci's,  then-foro,  op|)osing 
e:u'h  other  as  re;^ard>  the  same  kind  of  loss,  mav  Ik-  taken  t<>  nentral- 
ize  each  other,  if  not  wholly,  at  hitst  in  great  |)art. 

In  the  following  tahle  will  Im.>  found  the  data  and  residts  of  thes^* 
experiments.  The  «piantities  have  In'en  gron|M'<l  for  facility  of  refer- 
ence, and  they  ar<'  so  completelv  d(>s<'ril)e<l  on  their  re^iprn'tive  lin«*s 
that  no  Inrther  exjtlanation  is  reipiire*!.  Hy  the  inilie:it«'<l  hors*«s- 
power  is  meant  the  |)ower  i-ak'nlatt"*!  for  the  pressnre  rej>resenting  the 
mean  onlinate  of  the  indicator  diagram.  The  net  hoiNt-s-power  is  the 
power  calcnlat»'d  tor  what  remains  of  the  indi<':it«'«l  pn'?vsnre  after 
tleducting  the  pres-iire  liMpiired  to  work  the  nnloajh-*!  engine.  The 
total  horses-jiower  i*  cal«'nlate«l  for  the  sum  of  the  indimted  pn-^vsnre 
on  an*l  the  hack  pressure  against  the  piston.  The  net  hor>es-power  is 
the  only  power  which  is  ctmimereially  valuahle,  or  applicahle  t«>  exter- 
nal work. 

The  temperature  of  the  f(HMl-water  given  in  the  t.ililr  i-  mx  the 
experimental  ti'n\per:iture  which,  in  hoth  (Us**?*,  wit-  c«>nsid«'ral»lv  h«>s, 
«>wing  to  the  water  heing  delivered  into  tanks  for  ineasun'meiit,  where 
it  rapidly  i-ctoied.  The  talmlar  ten«|H'niture  is  what  it  wouhl  have 
had,  had  it  l>e«'n  pumpe«|  dire<tly  into  the  lM)iler  without  |mssing 
through  the  me:Lsuring  tanks;  and  the  nuinU>r  of  Faiirenheit  units  of 
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heat  imparted  to  it,  as  given  in   the  table,  is  the  number  that  would 
have  been  imparted  had  it  had  the  tabular  temperature. 

The  quantities  in  the  table  are  the  means  of  all  the  indicator  dia- 
grams and  of  all  the  observations  taken.  Those  for  the  condensing 
engine  are  from  the  two  experiments  made  on  it  by  a  committee  for 
the  Industrial  Society  of  Mulhouse,  and  are  the  means  in  function  of 
the  duration  of  each  experiment. 

Tab/e  Containing  the  Data  and  Results  of  Experiments  made  on  2wo 
Corliss  Steam  Engines — one  Condensing^  the  other  Non-condensing 
— to  Determine  their  Economic  Efficiency.  In  both  cases  Saturated 
Steam  ivas  used  without  Steam-jacketing,  and  there  was  no  Cushioning 
in  the  Cylinders. 


I  Number  of  cylinders,  . 

fa  I  Diameter  of  cylinder,  in  inches, 

jj  Stroke  of  piston,  in  inches, 

^  S  Net  area  of  piston,  in  square  inches, 

S^  2;  I  Space  displacement  of  piston,  in  cubic)             ,.,..,_g_                ,3-.j83" 

iz  3  I      feet,  ixT  stroke,          .                              j 

go 


Condensing 

XON-CONDENSING 

Engine. 

Engine. 

Mean  of  two  ex- 

Exi)eriment made 

periments  made 

hy  John  W.  HiU 

by  a  Committee 

for  the  Fifth  Cin- 

for   the    Indus- 

cinnati Industri- 

trial Society  of 

al  Exposition. 

Mulhouse  in  Al- 

sace, Gemiany. 

1 

1 

24 

Hi-062o 

48 

48 

442-0698 

201 

Space  in  clearance  and  steam  passage 


2       I      at  one  end  of  cylinder,  in  per  centum  I  o-ia±-  o.qi-q 

^       I      of  the  space  displacement  of  its  pis-  {  ^  *^"^'  ^  *^^''* 

[     ton  i^er  stroke,  .  .  J 

^  .      f  ■         ^  (  8th  &  9th )    f  3d  October, 

Date  of  experiment,  .  .         ^^  April,1878 ,  \     1874. 

Duration  of  experiment  in  consecutive  \  i  10"780  and  \  8-0000 

hours,  .  .  .  J    I  0-6772J 

f  Pounds  of  steam  present  per  hour  in  | 

the  cylinder  at  the  point  of  cutting  |  1.57-^0"''4 

off  the  steam,  calculated   from   the  f      '    ~    '"^ 

pressure  there,        .  .  J 

Pounds  of  steam  present  per  hour  in  ) 
the  cvlinder  at  the  end  of  tlie  stroke  |  isiQ-«nQA 

of   its   piston,   calculated   from    the  f      i»iy  DUrf* 

^  2   '      pressure  there,  .  '  J 

■^  H   I  Pounds  of  steam  condensed  per  hour] 
in  the  cylinder  to  furnish  the  heat  | 

transmuted    into    the    total    horses- f-      147-6858 

power  develojied  by  the  expanding  | 
steam  alone,  .  .  J 

Sum  of  the  two  immediately  preceding  \  io«-  oeqo 

^2         quantities,       .  .  .J 
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Pressiin"  in   tin-  inii(|«ii-«<T,  in  |n<un<i- 

jKT  siiuart-  int-lj  altovc  zrro, 
Prt'.ssuiT  of  tli<- atinosplicrc,  in  ponmis 

pt  r  s<pian-  inch  aiiovt-  /.»  ro, 
NunilxT  of   <loui>l»'  strokes  mail*-    per 

niiniiti'  l>y  tin*  piston,  . 
Tenipi-ratiirt'  of  tjir  fi'«M|-wat«T.  in   <ii- 

j^rers  Kali rrn licit, 
Nnnilicr  of  Kalircniicil    units   of  iicat 

inipartiMJ  to  the  feed-water. 
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I       pumped  into  tlie  hoiler  per  hour, 

f  Steam  prosure  on  piston,  in  pounds  | 
per  st|Uar»'  inch  ahove  zero,  at  tlie  - 
coninienc«inent  of  its  strok*',     .  i 

Hteani  pn-ssure  on  piston,  in  |M>uncis  \ 
per  sipiar*'  incii  above  zero,  at  the  ^ 
point  of  cutting'  oil'  tlie  steam,  ) 

Steam  pnssun-  on  niston,  in  pounds  ) 
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end  ot  the  stroke  of  the  piston,  ) 
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ro,  durini:  the  stroke  of  the  piston,    J 

Minimum  i>ack  pressure  against  the] 
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ahove  /.»'ro,  at  coinmciK-cnient  of  i" 
strokt-  of  piston.  .  .  I 

Mean  indicated  pressure  on  piston,  in  ) 
pounds  p«T  s(|uare  inch,  .        i 

Mean  net  presMireoii  piston,  in  |Hiuiids  ) 
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Mean  total  pressure  on  jiiston,  in  ^ 
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f  Indicated  horses-power  developed  by  \ 

the  engine,  .  .  j 

Net  liorses-power  developed  by  the  en-  "| 

gine,  .  .  .  J 

Total  horses-power  developed  by  the  \ 

engine,     ...  J 

Total  horses-power  developed  by  the  \ 

I      expanding  steam  alone,  .  j 

I  Number  of  pounds  of  feed-water  con- 
sumed per  hour  per  indicated  horse- 
power. 

Number  of  pounds  of  feed-water  con- 
sumed per  hour  per  net  horse- 
power, 

Number  of  pounds  of  feed-water  con- 
sumed per  hour  per  total  horse- 
power, 

Number  of  Fahrenheit  units  of  heatl 
consumed  per  hour  per  indicated  >- 
horse-j^ower,  .  .  .  ) 

Number  of  Fahrenheit  units  of  heat  \ 
consumed  per  hour  i^er  net  horse-  > 
power,      ...  j 


Number  of  Fahrenheit  units  of  heat  | 
consumed  i^er  hour  per  total  horse-  J- 
power,  .  .  J 


Condensing 
Engine. 
Mean  of  two  ex- 
periments made 
by  a  Committee 
for    the    Indus- 
trial Society  of 
Mulhouse  in  Al- 
sace, Germany. 

127-2987 
115-8939 
143-7140 


f  Difference  in  pounds  per  hour  between  | 
the  weight  of  water  vajiorized  in  the  j 
boiler  and  the  weight  of  steam  ac-  |- 
counted  for  by  the  indicator  at  the  | 
point  of  cutting  off  steam,  .         J 

Difference  in  per  centum  of  the  weight  ] 
of  water  vaporized  in  the  boiler,  be-  | 
tween  that  weight  and  the  Aveight  of  )- 
steam  accounted  for  l)y  the  indicator  | 
at  the  jDoint  of  cutting  off  the  steam,  I 

Difference  in  pounds  per  hour  between  ) 
the  weight  of  water  vaporized  in  the  j 
boiler  and  the  weight  of  steam  ac-  |- 
counted  for  by  the  indicator  at  the  | 
end  of  the  stroke  of  the  piston,  j 

Difference  in  per  centum  of  the  weight  ] 
of  water  vaporized  in  the  boiler,  be-  | 
tween  that  weight  and  the  weight  of  [ 
steam  accounted  for  by  the  indicator  j 
at  the  end  of  the  stroke  of  the  pis-  j 
^      ton,  ....  J 
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28-5823 


23-0493 


non-condensing 
Engine. 
Experiment  made 
by  John  W.  Hill 
for  the  Fifth  Cin- 
cinnati Industri- 
al Exposition. 


74-3285 

68-7973 

] 16-6777 
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li  KM  ARKS. 

It  is  }i;rcatly  to  be  refi;iHitti'(l  that,  in  the  original  rej)ort  of"  the  exj)eri- 
nient  witli  the  eondensing  engine,  the  pres.sures  at  the  point  of  cutting 
off  the  steam  and  at  the  end  oi'  the  stroke  of  the  piston  were  not 
given,  for  then  caKndations  might  have  heen  made  of  its  cylinder 
(•ondcnsation  similar  to  those  made  for  the  non-c(»ndensing  engine, 
whifji  would  have  rcvcal('(|  the  cause  of  the  cfjuality  of  the  economic 
commercial    etliciencies    of    the    two    engines,    notwithstanding    the 

greatly  less  fraction  utilized  of  the  total    j)res<un'    in   tl asi-   nf  tlie 

non-condensing  engine. 

The  total   horse-j)owcr  developed   in   the  two  casi-s   re|)rescnts  the 
entire  dynamic  effect-  useful  and  prejudicial      pr<«luced   hy  the  stejiin 
or  fuel  expended  in  cfpial  times,  and  comparing  the   cost  of  the  same 
in  Fahrenheit  units  of  heat,  there  aj>j»ears  that   tin*  total    Imrsr-puwcr 
was  ohtaincd  with  the  non-condensing  engine  for  an   hourly  expendi- 
ture of  l.Sl)2"J'.">l.So  Fahrenheit  tniits,  and  with  the  condensing  engine 
for  an    hourly  expenditure   of  2556M"171«!   Fahreidieit  units,  the  two 
<'osts  (;omparing  as  lOdOOO  to  1'.'55127,  an  enormous  <lit!erence  due  to 
the  greater  cylinder  condensation  with  the  condensing  engine  cumliine<l 
with  the  greater  numher  of  iniits  of  heat  re<piireil   for  the  pnKluction 
of  a  |M)iiiid  weight  of  its  steam  owing   to   the  less  teni|>erature   of  its 
fectl-watcr.      With  the  condensing  engine  tln'rc  were  rc<piire<l   {••.S7il9 
per  centum   more   heat   to   vapori/e  a  pound  of  feed-water  than  with 
the    Moll-condensing    engine;     and    diminishing    the   ahove    l'.'}5127, 
there  remains  1"'J1777  to  i-0(»(>(>()  for  the   ratio  of  the  economic  etti- 
ciencies  of  the  non-condensing  and  condensing  engines  in   function  of 
the  total  horse-power,  the  whole  »»f  which   ditt'ereiRv  was  due  to  the 
Jess  cylinder  condensation  in  the   non-condensing   engine.      Now  witli 
the  ifon-condensing  engine,  the  final  cylinder  condensation  was  l()-04()9 
per  centum  of  the  steam  eva|»oratc(l  in  the  hoiler,  leaving  .S'.*"9o9 1  per 
centum    utili/.e(l    in    the   |>r«Kluction    ot"  |)ower  ;    dividing    thi»    latter 
•(piantitv  Ity  the  ahove  1"'JI777  there  results  7.i"S72<>  |mm-  »vntuin   util- 
ized in  the  condensing  engine,  which  deilucteil    from    1(M»-(MKK»   leaves 
20  12<S0  per  centum  of  the  steam  evaporateil  in  the   hoiler  comlcnseil 
in  the  cylinder  of  the  condensing  engine.    A  condensation  in  the  con- 
ilensing  cylinder  of  2(M280  jH'r  centum  of  the  steam   evaporated    in 
the  boiler   is  then  sufticient  to  ac<'ouut  lor  the   ditferenoo  in   the   hesit 
cost  of  tiie  total  horse-power  in  the  lw«>  c;u>es  ;  ami  it  is  known    tVoni 
many  cxiH>riments  that   this   is  about   what   occu»>   in   an   unja<"ket«»<l 
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cyliii'lei'  of  the  dimensions  of  the  condensing  engine  cylinder  using 
saturated  steam  with  an  expansion  of  nearly  eight  times. 

By  an  indirect  method,  with  the  data  obtained  during  the  series  of 
experiments  made  on  the  condensing  engine  by  the  committee  of 
experts  for  the  Industrial  Society  of  Mulhouse,  the  condensation  in 
the  cylinder  during  experiments  B  and  C  hereinbefore  referred  to,, 
was  determined  to  be  29*6290  per  centum  of  the  steam  evaporated  in 
the  boiler.     (See  page  435  of  the  last  June  number  of  this  journal.) 

One  of  the  most  important  causes  of  that  condensation  is  the  dif- 
ference of  the  extreme  temperatures  of  the  cylinder  during  a  double 
stroke  of  the  piston.  In  the  condensing  cylinder,  the  initial  steam 
pressure  being  70-9  pounds  per  square  inch  above  zero,  and  the  mini- 
mum back  pressure,  say,  3  pounds  per  square  inch  above  the  same, 
the  temperatures  corresponding  to  which  are  303*62  degrees  Fahren- 
heit and  141"67  degrees,  this  difference  is  161*95  degrees.  In  the 
non-condensing  cylinder,  the  initial  steam  pressure  being  78'744 
pounds  per  square  inch  above  zero,  and  the  minimum  back  pressure 
15*9  pounds  per  square  inch  above  the  same,  the  temperatures  corres- 
ponding to  which  are  310*76  degrees  Fahrenheit  and  215*10  degrees, 
this  difference  is  only  95*66  degrees.  And  besides  this  cause  of 
greater  condensation  in  the  condensing  cylinder,  there  was  the  greater 
refrigeration  produced  by  the  greater  measure  of  expansion  with 
which  the  steam  was  used  in  that  cylinder,  than  in  the  non-condensing 
cylinder. 

The  net  horse-power,  representing  the  portion  of  the  total  horse- 
power developed  by  the  engine  that  was  commercially  useful,  was 
obtained  for  the  consumption  ol  31707*0685  Fahrenheit  units  of  heat 
per  hour  with  the  condensing  engine,  and  of  32091*6077  Fahrenheit 
units  with  the  non-condensing  engine;  and  if  a  very  small  allowance 
be  made  in  favor  of  the  latter  for  the  greater  economic  vaporization 
in  its  boiler  per  pound  of  fuel,  owing  to  the  slower  rat<i  of  combus- 
tion, the  cost  of  the  net  horse-power  in  both  cases  will  be  equal ; 
showing  that  a  non-condensing  engine  with  an  unjacketed  cylinder  of 
the  experimental  dimensions,  using  saturated  steam  of  70J  pounds 
boiler  pressure  per  square  inch  above  the  atmosphere,  with  an  expan- 
sion of  nearly  4f  times,  gave  the  same  commercial  result — that  is  to 
say,  the  same  net  power  for  the  same  quantity  of  fuel  per  hour — as  a 
condensing  engine  with  a  two  and  a  quarter  times  more  capacious 
unjacketed  cylinder  using  saturated  steam  of  66^  pounds  boiler  pres- 
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sun-    por  sfjuart"    iiidi    ;ilM»\f   tlic   atnio-plicrc    with    an   expansion   of 

ncarlv  8  times.      Ih'uvi',  iimlcr  the   exjMTiiiH'ntal   conditinns,  no  eorjn- 

oniv  \V(»iil(l  result  from  the  eniploynjent  of  a  eoii(hiiMr  an<l  air-puiiip, 

wlien  the  boiler  pressure  w:l-«  not  less  than  7<>.\  ]>oun<i>  jwr  Hjiiare  iiieh 

above  the  atmosphere.      If  the  engine  works   with   a    variable    load, 

this  must  l>e  taken   for  the  lower  limit  of  pressun — n<>t  tin-  average 

j)resstire — ^ivint;  e<piality  of  «'<'on(tmie  et!e<'t. 

Of  the   total   pressun*    in    jxtunds    jmt   s<|uare  in<-h  aixive /«ni  with 

the  condensing  engine,  there  w<i-c  iitili/ed  as  net  pre»iiri' 

/21-H810yl()0      \ 

I 7^^^^^n:r:: =  1  HOMU'JO  iH'r  eentUMi  ;   and  with  fin-   noiM-<>nd«n«- 

/  23-4890  XKX)         \ 
in<r   engine   I ^loTa-IT^- ^^    /     •'>''^"-''"^'>'^     !>♦''*    eentum  ;     tin-     two 

/   8()-()42()         \ 
<-oniitarinL'^    as  I     -:,,;,..,-    =     I     1"-JG7()»)    to    1-(J<MKK»   ur   v<rv   nt-.irlv 

the  \-:\ri]'27  to  lOiXMM)  found  ;l<  the  ratio  of  the  heat  cost  of  tlie  total 
hoi*se-j>ow«'r  in  the  two  e-.tses  ;  so  that  the  l«s>s  fraction  of  the  total 
horse-j>ower  utilized  as  net  horse-power  with  the  non-condrnsing 
engine  just  balance<l  the  les.-  heat  eost  of  it.-«  total  hoi>r-p<iwtr.  rnal>- 
ling  the  net  Imr-c-power  t<>  Iw  obtaineil  tor  the  s;une  he:it  <'<»-t  in  lw»th 
(".i-ses. 

'J'he  corn-etnfss  nt'  thes<'  t'aet.-  was  eontirm<><l  <<tnje  y«':irs  ago  at  a 
large  Hniir-niaking  mill  in  New  ^  ork  (  itv.  whi<'h  wa.-  o|M'rat«i|  bv 
several  noMH'ondensing  evlinders  ot"  UKKlt-rite  dimensiou>.  unjaeketetl, 
and  using  saturate*!  >team  of  alM»ut  !M»  |H>uMds  ImoIit  pn->.-nn'  |H'r 
sipiare  inch  above  the  atmosphere,  with  a  eonsidenible  nie:L'«tin'  of 
«'Xpaiision.  The  j»ro|>rietor  was  pei-suaded  to  add  a  surtm-e  eondcns4T 
and  an  air-pump,  and  a  variable  <ut-<ttf,  exi>anding  tin-  r-team  -utH- 
<i«'ntly  more  to  retain  the  same  mean  <'ylimK'r  pn>ssure  with  the  s:ime 
boiler  prt^sure,  the  expi-i-tution  In-ing  that  a  market!  dit!eren<i-  in  tlie 
\yeight  of  fuel  eonsume«l  per  hoin*  to  grind  and  <!ress  the  -inie  num- 
ber of  bushels  of  wheat  woidd  result  ;  and  sueh  inde<i!  wa<  the  e:L'M', 
liiit  ill  till'  o|>|»o-.ite  dirretion  to  the  ex|HH'tation,  the  |Hiwer  aetuully 
(•(»ting  >o  nnnh  more  fuel  that  the  «'ondenser  and  air-pump  wen- 
remove<l  and  the  original  eouditions  nstoiin!. 

Tlu'  foregoing  results  are  true  tbr  only  the  pn^ise  ex|M'rimental 
eouditions,  and  they  will  Ik-  m<Mlitie«l  by  any  of  the  e:ius«'s  wiiieh 
(liminish  eyliuder  eondtiwititm,  ;l<,  for  exaniple,  steam-jaekt-ting  th«' 
<ylinders,  super-heating  the  steam,  employing  larger  eylinders,   vtc.. 
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for  there  is  a  greater  economic  gain  possible  by  them  for  the  condensing: 
than  for  the  non-condensing  engine,  as  tlie  former  has  the  most  cylin- 
der condensation  to  be  rednced.  Consequently,  therefore,  just  in  pro- 
portion as  the  cylinder  condensation  is  lessened  by  steam-jacketing^ 
steam-superheating  and  larger  cylinders,  must  the  boiler  pressure  be 
increased  for  the  non-condensing  engine  to  sustain  its  equality  of  eco- 
nomic performance,  gaining  by  the  resulting  increase  of  the  fraction 
which  the  net  power  is  of  the  total  power,  what  it  loses  in  decrease  of 
relative  cylinder  condensation.  It  is  probable,  however,  that  wdth  a 
boiler  pressure  of  from  95  to  100  pounds  per  square  inch  above  the- 
atmosphere  the  non-condensing  engine  would  give  the  net  power  with 
fully  as  much  economy  of  fuel  as  the  condensing  engine  using  the- 
same  steam  pressure  with  the  measure  of  expansion  found  to  produce 
the  greatest  economy,  even  with  steam-jacketing,  steam-superheating- 
and  cylinders  of  the  largest  dimensions  in  both  cases. 

For  marine  engines,  the  use  of  high  pressure  steam  is  important,, 
because  it  lessens  proportionally  the  dimensions  of  cylinders  required 
for  a  given  power,  the  dimensions  for  high  powers  having  now  become 
inconveniently  large,  and  because  it  allows  the  removal  of  the  air- 
pump  and  appendages.  A  surface  condenser  would  still  be  required 
to  furnish  the  boiler  with  distilled  water,  but  the  quantity  of  surface 
could  be  seriously  reduced,  the  reduction  being  due  not  only  to  the 
fact  that  about  one-tenth  less  heat  is  to  be  taken  out  of  the  exhaust 
steam,  but  that  owing  to  the  greater  difference  of  temperature  on  the 
opposite  sides  of  the  condensing  surface,  a  unit  of  this  surface  is  pro- 
portionally more  efficient  for  condensation. 

Less  than  nine-tenths  of  the  refrigerating  water  would  also  be  used 
because  the  difference  between  its  initial  and  final  temperatures  in  the 
condenser  would  be  very  much  greater,  so  that  a  portion  of  the  power 
required  for  pumping  this  water  with  condensing  air-pump  engines 
would  be  saved. 

The  power  expended  in  Morking  the  air-pump  and  the  circulating- 
pump  in  marine  engines  is  much  greater  than  in  land  engines,  because 
of  the  greater  resistance  against  which  they  discharge,  due  to  the 
height  of  the  outboard  cokimn  of  water  and  to  the  greater  tortuous- 
ness  of  the  discharging  pipes. 

The  advantages  of  the  non  air-pump  engine  are,  of  course,  for  the 
cases  in  which  a  uniform  power  is  employed,  as  for  merchant  steam- 
ships.    For  naval   steamships  which  are  engined  for  the  development 
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of"  \\\\r\\  powers  (luring  -liort  |K'ri<M|-.  at  lori^  interval-^,  tlicir  priin-ipal 
Ktearnin^  l)ein;r  (l<»ii('  with  very  low  )M>wcrs,  tli<*  <'«tiul<ii*iiiir  air-ptnnj» 
cn^iiH'  preserves  its  eeonKniie  .-iip<Tioritv. 


DISCUSSION 

Of  (hr  papers  of  C  I\  Sund/jaf/  on  ''  Hail  Specifications  and  Rail 
Jnsjteviion  in  Europe,^^  oj  C.  li.  DwUey  on  the  "  Wedrinr/  Capucitij 
of  Steel  Rails  in  Relation  to  their  Chemical  Composition  and  Phys- 
ical Properties,^^  and  of  A.  L.  Ilolley  on  "  Riiil  Patterns,''  at  the 
Philadelphia  Meetinr/  of  tfw  American  Lvstituleof  Mininy  Enf/incers, 
held  at  the  Franklin  Institute,  February  /7th,  /.VV/. 
iC'<(iitiinie<l  fntm  \tnpv  \\K.i 


('.  E.  Stafford,  Steeltoii,  Pa.:  I  must  confess  my  Iml'Ii  apprecia- 
tion of  Dr.  Dudley's  c»>iiseieiitious  aii<l  paiiistakiuir  work,  and  of  Iiis 
scientific  Mietlio<ls  in  oI>taininir  the  (hita  ;  l»ut  with  his  inethiKl  of 
handlint;  these  re>nlts  and  with  his  conclusions  (h-awn  therefrom  I 
cannot  aj;rcc.  The  rea.sons  for  this  difference  of  <i|)inictn  I  will  endea- 
vor to  explain. 

It  is  apparent  on  insp^'ctin<x  his  Plates  ♦>  ami  7  that  tlu'  majoritv  «.i" 
the  slower-wearin}]f  mils  are  from  the  north  tnick,  antl  generally  have 
a  longer  "time  of  service,"  a  jjreater  averajje  tonna«re  |K»r  rail,  and  a 
smaller  averat^e  tonna<re  per  year  |M'r  mil  than  the  tkstcr-wearinir,  the 
majority  <»f  which  are  fn>m  the  south  tmck,  an<l  ^enemlly  have  a 
shorter  "  time  of  service,"  a  smalh'r  avem«;c  tonnaire  jht  mil,  and  a 
greater  averaije  tonnage  per  year  jht  mil.  Have  these  facts  any  sig- 
nificance ".'  Have  these  differences  of  (conditions  to  which  they  are 
suhjectcil  any  hearing  on  the  relative  wearing  c:»pacity  of  these 
rails?  I  venture  to  s;iy  they  have.  I  think,  after  a  study  of 
Pahle  I,  (an  armngement  of  lines  17  and  18,  Plate  8,)  in  «"on- 
nection  with  Plates  «!  ami  7,  we  will  find  tliat  the  slower  \vc:ir  of 
the  IVl  l)cst  rails  is  oidy  |)artly  due  to  <pialities  inherent  in  the  mils 
themselves,  hut  is  prin<-i|>allv  due  to  «'xternal  cnnditions  lav«>ral>le  to 
slower  wear. 

In  regard  to  the  north  an«l  south  tmck,  we  know  that  over  the 
south  track  come  the   hnideii   cars  fn»m   the  ^^'esr,  and   that   over  the 
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north  track  these  cars  return,  most  of  them  empty.  It  is  evident  that 
this  means  for  the  north  track  a  less  average  tonnage  per  rail  per  year; 
or,  in  other  words,  a  lower  wheel-tonnage.  When  the  load  per  wheel 
is  less,  the  resistance  and  consequently  the  wear  must,  necessarily,  be 
less,  other  things  being  equal. 

''  Time  of  service,"  also,  has  an  important  bearing  on  the  ques- 
tion in  hand.  It  has  been  only  within  the  last  five  or  six  years, 
as  Dr.  Dudley  has  pointed  out,  that  the  roadbed  of  the  Pennsylva- 
nia Railroad  has  reached  its  present  admirable  condition.  Before 
this  time  the  roadbed  was  more  elastic,  more  yielding  (and  proba- 
bly not  uniformly  so)  than  at  present.  These  circumstances  might 
cause  a  softer  rail  to  be  more  durable  than  a  harder  one,  owing  to 
the  fact  that  it  would  yield  more  or  less  to  the  bending  force  of 
the  passing  load  and  would  thus  get  a  bearing  on  each  cross-tie. 
The  harder  rail,  on  the  other  hand,  being  stiifer  and  more  unyield- 
ing, would  not  have  this  bearing  uniformly,  and  would  tiius,  to  a 
greater  or  less  degree,  be  subjected  to  the  same  conditions  as  a  beam 
under  shock,  vibration  and  a  rapidly  moving  load.  Under  such 
conditions,  I  believe,  a  harder  rail  would  crush,  break  and  perhaps 
wear  out  more  easily  and  quickly  than  a  softer  rail.  This  agrees 
with  Dr.  Dudley's  statement :  "  With  the  improvement  in  mainte- 
nance of  way,  during  the  last  five  or  six  years,  the  removal  of  rails 
from  track  from  the  first  two  of  these  causes  has  quite  notably  dimin- 
ished," Under  conditions  as  they  now  exist  on  the  Pennsylvania 
Railroad,  I  believe,  the  harder  rail  will  give  the  slower  wear.  With 
the  ballast  comparatively  solid  and  unyielding,  as  at  j)resent,  the 
rail,  having  a  more  nearly  perfect  and  uniform  bearing,  and  acting 
less  the  part  of  a  beam  than  that  of  an  anvil  must,  in  my  oj)inion,  be 
a  hard  one  to  withstand  the  pounding  of  the  locomotive  and  the 
abrasion  due  to  combined  rolling  and  sliding  friction. 

Viewed  in  this  light,  a  hard  or  soft  rail  would  be  respectively  pre- 
ferable as  the  maintenance  of  way  has  become  more  or  less  practically 
perfect.  Of  the  seven  rails,  in  track  seven  years  or  less,  included 
in  the  slower-wearing  division,  and  whose  phosphorus  units  average 
40'95,  there  will  be  found  but  one  showing,  under  the  same  condi- 
tions, a  slower  wear  for  the  softer  rail.  As  these  rails  were  put 
in  track  during  and  after  the  improvement  in  maintenance  of  way 
they  tend  to  confirm  the  proposition  that  with  a  well -ballasted  track 
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tlio  li.-irdiT  rails  f^ivt-  tli<'  slower  wear.  Nt-.xt  iiii<lfr  tli<-  \u-i\*\  of 
^'tiiiK-  of  service"  comes  tlic  consideration  of  tin-  wli<'el-toiniage 
(tln!  avera<;<'  tonna<^<'  per  rail  [M-r  year  in  TaMe  I  i.  'I'liis,  as  j>oint«*<l 
out  l)y  Mr.  A>IiIh-I  W'dfli,  lias  Immmi  increased  over  <)<>  )kt  <-«'nt. 
witliin  tlic  last  five  or  six  year-.  I'lie  S[)ee«l  an<l  the  \vei;;lit.s  of 
IcH'oinotives,  cars  an<l  trains  have  also  JKK'n  increju^tHl  within  tliis 
})eri(Ml.  With  the  increase  of  ea<'ii  of  these  (juantities,  resistance 
increiLses.  This  increased  resistatice*  must  l)e  overcotne  hv  incre:is<il 
friction  hetween  driveis  and  track,  which,  othci-  condition-  heini^  the 
same,  nnist  rcsnit  in  <rreater  or  more  rapifl  wear  than  tormerlv.  Fur- 
ther, with  irreater  >]H'a\  an<l  weights  the  t|efect-«  in  the  rolling;  st<M'k  — 
as  (lal  and  iMi|tro[terlv  eoncd  wheels,  worn  tires,  etc. — must  c:mse 
greater  injury  to  the  rail.  It  niu-t  he  Imrne  in  mind  that  the  average 
wheel  tonnage  <)f  the  north  track  is  less  than  that  of  the  -outh  track 
<luring  the  entire  pericxi  considered. 

It  will  l)c  noticed,  in  Tahle  I,  that  the  average  tonnage  |M'r  mil 
(not  the  average  tonnage  j)er  rail  |»er  vear)  of  the  slower-wearing  rails 
is  much  gre^itcr  than  that  of  the  faster-wearing.  I  call  attention  to 
this  I'act  hecjuise  I  iielieve  it  to  he  iiii|)ortant.  W  <■  know  that  the 
head  of  a  rail  when  new  is  more  or  h-ss  roii'_di,  and  that  this 
roughness  wears  otl"  ra|»idly  with  the  first  few  million  ton-  of  ser- 
vice ;  conse<pienl ly,  if  the  lo--  is  d<'termine<l  when  the  tonnage  is 
low,  the  loss  jicr  million  tons  will  not  show  the  a<'tual  wearing  nite 
<luring  its  future  use.  Of  course,  this  influence  on  the  wcaritig  nitc 
hecomes  li-ss  an<l  less  as  the  tonnage  increases.  After  weariiii;  of!" 
this  loiighness,  it  may  he  that  the  siiccetHliug  tew  million  ton-  «old- 
roll  or  hammer  the  surface,  causing  it  to  more  sue*"*'— fnllv  ri-si-t 
sul>sc(|uent  wear.  From  the  historv  of"  the  road  it  is  evident  that 
those  rail-  having  a  lon>^  time  of  -ervice  posses-  advantages  in 
favor  of  slow  wear.  Not  <»nly  have  thev  a  hiijh  tonnage,  hut  thev 
also  have  had  a  preparation  and  wear  of  the  surfa*^'  while  the 
wheel  tonnage  was  light  ;  the  later  raiU,  have,  on  the  other  hand, 
heen  -uhjected  from  the  start  to  a  heavier  wlu'cl  tonnage  with  the 
accompanying  conditions  unfavonihle  to  -low  wear.  I '|>on  tin-  rela- 
tive wear  on  ditlen-nt  gi-atles  aiul  curves,  and  c«>mliination-<  of  the  two, 
it  is  unncft'ssjirv  to  dwell. 

Having  trieil  to  make  plain  th«'  tendencv  of  each  of'  thex-  condi- 
tions, I  will  now  talxilate  them  : 
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Conditions  Favorable  to  Slower  Wear.      I    Conditions  Unfavorable  to  Slower  Wear- 
Nf»rth  track.  |   South  track. 

Lighter  wheel  tonnage.  Heavier  M'heel  tonnage. 

Longer  time  of  service.  Shorter  time  of  service. 

Greater  tonnage.  Smaller  tonnage. 

Lighter  grade.  Heiivier  grade. 

Lower  degree  curve.  Higher  degree  curve. 

I  do  not  say  these  conditions  will  absolutely  determine  the  relative 
positions  of  the  64  rails,  because  we  do  not  know  the  ratio  of  the 
wear  of  a  given  rail  under  a  known  set  of  conditions  (favorable  or 
unfavorable,  or  both)  to  the  wear  of  the  same  rail  under  another 
known  set  of  conditions ;  also  because  of  conditions  not  given  in  the 
data  and  l^ecause  of  exceptions  named  below.  But  what  I  have  tried 
to  make  })lain  in  the  preceding  remarks  is  that,  in  general,  the  32  best 
rails  have  been  in  service  under  conditions,  in  the  main,  favorable  to 
slower  wear.  When  this  is  not  the  case,  the  rail,  measured  by  phos- 
phorus units,  is  hard,  and  with  one  exception  (rail  915  referred  to 
later),  harder  than  its  companion  subjected,  as  far  as  known,  to  the 
same  conditions. 

To  put  it  more  concisely,  the  slower  wear  of  the  32  best  rails  is  due 
to  external  conditions,  which,  when  summed  up,  are  favorable  to 
slower  Avear,  and  not  to  qualities  inherent  in  the  rails  themselves ; 
except  in  a  few  cases,  and  these  when  the  rails  are  hard.  If  this 
statement  is  true,  then  Dr.  Dudley's  conclusion,  that  the  slower  wear 
of  the  32  best  rails  is  due  to  their  being  softer  than  the  32  faster  wear- 
ing, does  not  hold. 

With  the  object  of  learning  further  what  averages  of  these  64  rails 
may  point  out  to  us,  I  have  arranged  them  differently,  as  seen  in 
Table  II.  We  may  thus  be  able  to  learn  Avhether  the  indications  of 
the  first  averages  are  confirmed  or  not ;  or  Avhether  the  first  averages, 
when  studied  with  the  second,  may  fairly  be  interpreted  to  point  to, 
or  at  least  not  disprove,  conclusions  radically  differing  from  those  first 
drawn. 

In  Table  I,  which  Ave  have  just  been  considering.  Dr.  Dudley  has 
found  that  32  rails  of  a  certain  average  chemical  composition  show 
a  much  slower  wetir  than  32  rails  of  a  diiferent  average  chemical 
composition.  The  32  slower-wearing  rails  averaging  softer  than  the 
32  faster-wearing,  the  conclusion  is  drawn  that  this  slower  wear  is 
due  to  this  fact.     Apparently,  this  inference  is  true,  but  as  we  have 
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juHt  sc«'ii,    tlii.-  slower  wear  is  j)rol)al»ly  <lii<'    U>    <»tli«T    (•:iu.s<'s.        In 

Tal)lc  II  we  have  a  coiiinaiison  of  railh  in  tlir  m»rtli  aiul  MHitli  track. 

This  ^ivcs  us  hard    and    s<»ft    mils    avrra^iii^r    l>ractic:dly   thr  same 

(Ik  iiiicallv  as   th<»-c    in    Tahlc  I,  l)nt  shuwinj;  a  dc^id*-*!  tlitli-nMHX'  in 

the  wear    \>tr    million    ton-,  <-otnj»arin^    tin-    ><>fi    and    hanl    of    the 

one   witli    the   snft    and    hard    of  tlic   other,  n^jM^-tively  ;  alxi,  in   the 

ratio   of  wear    hetweeii    the  >uft  and    hard   of  <'a«-h.      In  Talde  I  thi-s 

ratio   is    1    to   2V.i ;   in   Talde    II.  1  t"  IKi.      Kven  thi-  -lijiht  «litfer- 

etiee  prohahlv  would  not  hav*-  a|»|K'ar«Hl   if  the  north  an«l   ninth   mils 

had  heen  e<|nal  in  nunilH-r  in  Intth  eurv»-s  and   tanpnts.      ]iy  etuisult- 

inj;  Dr.  DndleyV  I'lates  H  and  7  the  di.strihution  will  he    found   to   l>e 

jLs  follows:    In  tangents,  1!>  n(»rth  tm«'k  mils  and  1.'}  south  ;   in  eurves, 

onlv  l.'{  n<»rth  traek  rails  an<l  19  south.      As  it  is,  the  south  tmek  rails 

with  a  whe<'I  toimap-  lavera;,^'  tonnaj;e  jn-r  mil  |K'r  yi-iir)  <)2A  per  cent. 

greater,  there  is  a  wear  onlv  Hi  per  (-eut.  greater  ;  and  ihi-«  with  nearly 

e<|ual  average  rail  touna;x''  i"  hoth.      With  the>e  (•ireuin.-tam-e.- in  mint! 

we  niav  fairly  conclude  froni  i'alile  II  that,  un<ler  the  s;in«e  <tindition-, 

the  harder  rails  would  jjive  the  Ix'tter  wear,  which  in«li<-:ition    TaMe   I 

d(H's  not  contmdict.     Thi^  eonelnsiun,  like  the  one  In-fore,  i-   in   favnr 

Iff  the  harder  mil<. 
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We  have  considered  the  conditions  furnished  by  Dr.  Dudley  favor- 
able and  unfavorable  to  slower  wear.  That  there  are  other  conditions 
which  materially  affect  the  relative  wear  of  rails  M^ill  readily  occur 
to  all. 

Among  others,  in  addition  to  those  given,  are  the  following : 
Whether  the  speed  is  the  same  over  all  of  the  rails ;  whether  the  rail 
is  subjected  to  more  than  ordinary  wear  by  the  stopping  and  start- 
ing of,  or  by  the  decreasing  or  the  increasing  of  the  speed  of  trains, 
as  at  or  near  train  and  Avatering  stations,  switches,  crossings,  sid- 
ings, bridges,  tunnels,  grades,  curves,  etc. ;  whether  on  tangents  both 
sides  of  track  at  the  same  place  are  at  the  same  level ;  whether  on 
curv^e,  the  rail  is  taken  near  entering  tangent  or  elsewhere ;  whether 
the  elevation  of  the  outer  rail  in  each  case  corresponds  to  the  average 
speed  of  trains  at  that  curve ;  whether  the  character  and  condition  of 
ballast  and  roadbed  is  the  same  for  all  rails ;  and  other  conditions 
known  to  those  familiar  with  maintenance  of  way. 

These  conditions,  more  or  less  local  in  their  character  have,  it  seems 
to  me,  been  too  little  considered  in  the  study  of  "  the  wearing  capacity 
of  steel  rails  with  relation  to  their  chemical  composition  and  physical 
properties." 

With  these  circumstances  in  mind,  we  must  agree  with  Mr.  Hunt 
that  "  averages  are  dangerous."  In  comparing  different  sets  of  rails, 
when,  in  each  set,  varying  quantities  (conditions)  too  indefinite  to  be 
averaged,  or  not  averageable,  are  associated  with  others  which  are 
definite  and  can  be  averaged,  and  when  the  maximum  and  minimum 
in  one  set  are  greater  or  less  respectively  than  the  maximum  and  min- 
imum of  the  other,  and  where  a  quantity  in  one  rail  differs  greatly 
from  the  other  rails  in  the  same  set,  making  the  average  to  differ 
widely  from  any  quantity  of  the  same  kind  in  that  set,  can  averages 
give  conclusions  which  can  reasonably  be  accepted  as  true  beyond  a 
doubt?  I  do  not  think  they  can.  We  have  seen  that  widely  differ- 
ent conclusions  can  be  drawn  from  indications  given  by  averages  made 
up  from  different  arrangements  of  the  same  rails.  Indeed,  I  believe 
that  conclusions  drawn  from  averages  made  up  from  any  number  of 
rails,  under  so  many  and  such  different  conditions,  would  be  of  value 
only  when  confirmed  by  other  data. 

To  properly  study  the  relative  wearing  capacity  of  steel  rails  with 
reference  to  their  chemical  composition  and  physical  properties,  we 
must    compare    rails    subject    to    the    same    conditions,    as   far  as  is 
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pr.ictidil,  nixl  wliid'i  oiilv  \':irv  in  tli<-ii'  ilicMiic-:)!  ttuiiiH^itioti  and 
plivsiml  |)r(>|)<rti(  >.  I  li:iv«-  alttniittcil  i<>  «1<)  this  in  tlic  torc^uin^ 
tal>K',  made  ii|»  t'nmi  I  >r.  I)n«ll«'y's  Icvrl  an«l  jrradr  lanj^i-iits  uii«l 
o;ra(|f  (urvrs.  Tin-  nH'nilK'i>  of  ra«'li  i:i"'ii|»  liavr  Ut-n  in  ilir  .sinu' 
tnick  the  sjinic  time,  an-  tVoni  tlu*  sjinu-  l<H-ality,  antl  liavi-  ilu'  .sum- 
^nulr  and  curvalnrr  (it"  any);  or,  in  otiur  \\ori|>.  Iiavr  Ut-n  -nltjti-tt-*! 
to  the  .siiii«-  conditions,  a.x  far  as  known.  It  will  U-  noti«til  that  N(ir<. 
HW.\,  !t2(>  an«l  !»'JS  of  tin-  Uvol  and  i^nidc  tan;x»''>t."«  havr  Ut-n  oniittitl, 
and  also  all  of'  Uvrl  and  ^nidc  ciirvi's  «-x»f|»tin^  Nt**.  s;»7,  SJJS. 
^5»*,«   and    !HM»,  Uiaii-i-   ot"  tlio   iniiM^soiltility  ot'  ^roii|iin^  tla'Ui   in  tin- 
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same  manner,  no  two  having  the  chemical  compcsition  and  physical 
propertie.*  as  the  only  variables.  Pho.sphorus  units  have  been  taken 
to  show  the  relative  hardness. 

Of  these  16  groups,  10  decidedly  indicate  slower  wear  for  the 
harder  rail. 

Of  the  remaining  6  groups,  three  (groups  2,  9  and  15)  come  well 
within  the  limits  of  error  ('25  pound  per  yard)  inherent  in  the 
calculation  of  the  data  as  pointed  out  by  Dr.  Dudley  ;  they  cannot, 
therefore,  be  considered  as  exceptions.  Groups  2  and  15  are  but 
little  outside  of  the  limits  of  error.  >  Rail  923  of  group  9  is  ol>vi- 
ously  abnormal.  This  is  probably  due  to  its  being  overheated,  which 
the  chemical  analysis  shows  might  easily  be  the  case,  and  which  the 
physical  tests  and  its  low  specific  gravity  tend  to  confirm.  We  may 
say,  then,  that  13  of  these  16  groups  fairly  indicate,  if  they  do  not 
definitely  point  out  that,  under  the  same  conditions,  the  harder  rail 
gives  the  slower  wear. 

Of  course,  these  comparisons  are  too  few  to  enable  us  to  arrive  at 
positive  conclusions ;  but  indications  thus  obtained  are,  I  believe,  far 
more  valuable  and  trustworthy  than  those  that  averages  w^ould  give 
us,  made  up  from  any  number  of  rails  under  many  different  condi- 
tions. 

Finally,  it  seems  to  nie  that  the  conclusions  arrived  at  earlier  in  my 
remarks,  together  with  and  confirmed  by  the  last,  show  strong  evi- 
dence that,  under  the  same  conditions,  the  harder  rail  will  give  the 
slower  wear. 

O.  Chaxute,  New  York  City :  \ye  are  very  much  obliged,  I  am 
sure,  to  Mr.  Sandberg  for  his  paper  upon  "  Rail  Specifications  and 
Rail  Inspection  in  Europe."  We  have  in  the  United  States  hitherto 
been  inspecting  rails  somewhat  haphazard,  and  we  are  glad  to  get  the 
results  of  Mr.  Sandberg's  long  experience. 

We  recognize  that  he  was  among  the  first,  if  not  the  very  first 
to  apply  more  rational  and  scientific  rules  to  the  designing  of  iron 
rails,  and,  more  recently,  to  adapt  these  rules  to  the  designing  of 
steel  rails,  to  conform  to  the  ca})abilities  and  requirements  of  this  new 
material.  Although  we  have  generally  adopted,  in  this  country, 
sections  for  steel  rails  which  many  of  our  railwa}'  men  think  even 
better  than  those  of  Mr.  Sandberg,  he  is,  nevertheless,  the  leader  in 
whose   footsteps  we  have   followed   ever  since  it  has  been   established 


Sept,  1881.]  Hted  RailH.  1!«1 

tliat  the  fisli-joiiit  wa.--  tin-  hot  HH'tliod  of"  i:L-t<'iiiii;_'-  tli*-    raiU   to^frtlicr 
at  the  eiuls. 

We  liave  not,  however,  yet  been  al>le  to  tonnulate  or  to  adopt  any 
well-e.stal)lish<'<l  r(  latioii  lietween  the  heij^ht  and  w<'i«r|it  of  the  rail 
and  tlie  wcitrht  and  speed  of  the  en<;ines,  such  a.-  h<*  indicat<'s  in  his 
Table  No.  I.  I-'or  in-tam-r,  the  Xrw  York  ("eiitnd  rail  is  4A  inches 
deep,  and  weighs  <io  jxMinds  |)er  yard,  while  its  hx'oinotives  are  of 
37  tons  niaxininin  \vei<rht.  The  ?^rie  rail  is  4^,y  inches  deej),  with 
(i'.\  pounds  weight  j)er  yard,  and  the  Pennsylvania  rail  is  4^  indies 
<Ieep,  with  07  pounds  wei«;ht  |)er  yard,  while  tlie  niaxiinnrn  weijjht 
of  locomotives  upon  both  these  latter  lines  is  50  tons.  Now,  whicli 
is  rij^ht  ■.'  J  am  inclined  to  believe  that  the  Pennsylvania  Railroad 
follows  the  better  practice,  not  because  the  other  rails  are  too  light 
for  the  engines,  but  because  inasmuch  as  stcci  rails  wear  out  bv  abra- 
."^ion,  and  not  l)v  lamination,  the  Pennsylvania  rail  promixs  to  !»«•  M-r- 
viceable  until  about  12  j)ounds  of  metal  per  yard  are  worn  off  froiu 
the  head,  while  the  Erie  rail  will  j)robal)ly  have  to  be  removal  iVom 
the  track  when  »ome  8^  pounds  are  worn  otV. 

Timber  is  still  so  cheap  with  us  that  we  have  not  hitherto  con- 
t'erned  ouiiselves  very  greatly  about  the  strength  of'  our  rail>  considered 
a><  beams.  It'  after  having  ado|>ted  a  rail  section,  s;iv  between  .">(»  ami 
()()  pounds,  we  ha\e  found  it  a  little  too  liMd>er  imder  im-reasing 
weight  ot'  locomotives,  we  have  simpiv  j»ut  the  ties  nearer  together, 
and  we  have  tluH  arrived  at  the  general  practice  «»f  spacing  them 
about  two  feet  between  centres,  while  I  notice  that  Mr.  SandlMig's 
<«leidations  of  re<piire<l  stiH'ncss  are  base<l  uj)on  having  the  sup]>ort.« 
3  feet  apart. 

\N'e  are  careful,  however,  to  limit  the  weight  upon  our  driving- 
wheels  to  a  maximum  of  l*J,(><'n  pounds  (ex<'epting  a  few  ex|H'rimen- 
tal  locom<)tives),  and  when  our  gnidients  and  tniins  re<piirc  more 
adhesion  than  can  he  ohtainetl  tVom  the  standard  "American"  euixine, 
-  we  think  it  better  to  adopt  the  "  Mogul  "  tyj>e,  with  «>  driver-,  or  the 
*' Consolidati»»n,"  with  S  drivers;  the  latter  having  genenilly  an  aver- 
age of  but  11,()(K)  pounds  per  driving-wheel,  and  l>eing  no  hanler  on 
the  rail  than  other  clas«<es  of  hM-omotives. 

Believing  that  much  of  the  wear  of  rails  results  fr(»m  undue  pres- 
sures, I  have  made  some  experiments  to  determine  the  are:i  of  the 
surfaces  in  contact  l)otween  wheels  an«l  rails.  These  were  obtained 
by  jacking  up  a  wheel,  and  intnKlucing  Ix'tween  it  anti  the  rail  a  piece 
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of  thin  ti.s.sue-paper,  underlaid  with  a  ^Vip  of  l)]ack  manifokl  coin'ino;- 
paper.  Upon  lowering  the  wheel,  it  generally  crushes  a  hole  in  the 
paper,  and  gives  a  fair  impression  of  the  surfaces  in  contact.  If  the 
wheel  and  rail  were  inelastic,  this  contact  would  be  a  mere  line,  but 
as  they  both  yield,  it  becomes  a  surface  which  varies  with  the  weight 
on  the  wheel  and  with  its  condition. 

I  found  that  with  11,000  to  12,000  pounds  weight  upon  a  loco- 
motive driving-wheel  of  about  5  feet  diameter  the  pressures  were  gen- 
erally 35,000  to  40,000  pounds  to  the  square  inch,  although  they  occa- 
sionally ran  up  much  beyond  this,  but  that  with  14,000  pounds  on  a 
driver  the  pressures  became  from  50,000  to  80,000  pounds  to  the  inch,, 
or  beyond  the  elastic  limit  even  of  steel. 

I  also  found  that  under  empty  freight  cars,  with  say  2400  pounds 
on  a  33-inch  wheel,  the  pressures  were  generally  20,000  to  30,C00 
pounds  per  square  inch;  that  with  the  car  loaded  with  11  tons^ 
increasing  the  weight  to  say  5150  pounds  per  wheel,  these  pressures 
became  about  35,000  pounds  to  the  inch,  while  if  the  car  was  loaded 
with  20  tons,  thus  giving  7400  pounds  per  wheel,  the  pressures 
increased  to  50,000  or  60,000  pounds  to  the  square  inch. 

As  we  increase  the  weight  upon  our  cars,  therefore — and  I  believe 
this  to  be  the  correct  and  inevitable  practice — we  must  be  prepared  to 
find  our  steel  rails  wear  out  faster  than  they  hitherto  have  done.  We 
may,  perhaps,  reduce  the  pressure  by  increasing  the  diameter  of  car- 
wheels,  but  my  oAvn  judgment  is  that  we  should  endeavor  to  limit 
the  weight  on  locomotive  drivers  of  5  feet  diameter  to  12,000  pounds, 
and  on  33-inch  car-wheels  to  about  7000  pounds,  so  as  not  to  bring 
crushing  strains  upon  our  rails  and  wheels. 

I  notice  that  Mr.  Sandberg  is  disposed  to  think  that  our  adoption 
of  30  feet  as  a  normal  rail  length  is  an  extreme  limit.  I  believe^ 
however,  that  our  mills  have  found  no  diffi(ailty  in  working  up  to 
this,  and  that  we  get  only  about  3  per  cent,  of  shorter  rail.'^  under  the 
provision  that  not  more  than  10  per  cent,  may  be  delivered  under  30 
feet,  down  to  25  feet.  The  difficulties  which  he  mentions  as  connected 
with  ocean  transportation  of  30-feet  rails  need  not  concern  us  much 
at  the  present  time.  I  believe  that  the  iron  rail  mills  of  this  country 
have  the  capacity  for  turning  out  about  1,000,000  of  tons  a  year,  if  so 
many  tons  of  iron  rails  were  called  for,  and  that  the  steel  mills  have  a 
present  caj)acity  of  about  1,500,000  tons,  and  a  prospective  capacity,  by 
the  end  of  this  year,  of  some  1,750,000  tons  of  steel  rails  per  auimiii. 
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Now  this  would  liiriiisli  u.-  ciK.iit:!!  niil~,  if  I'ully  cTiiploye<l,  U*  luv  or 
to  relav  25,()()()  to  27,fX)0  miles  <>i'  tr:i<k  :i  y.  :ir.  W'r  now  have  ;».'J,(J(J<» 
miles  of  railway,  of  which  al)oiit  (J(),(»<>()  iiiile.-^  are  ten  yc-ars  old 
and  over.  Allowinj;  for  the  |>ost|>onetnent  of  renewals  in  piL-^t  years, 
douhle  tnicks,  etc.,  I  estiinatf  that  thf>e  railways  will  re(juir«-  some 
8()0,CX)0  to  i)()(),(X)()  tons  of  rails  jM-r  annum  for  the  next  f<.iir  or  five 
years,  to  relav  their  tra<k-<.  We  an*  also  hnildin^  some  7(K)(»  miles 
of  new  railway  a  vear,  a  rate  of  |»ro«;ress,  however,  whi<-h  I  helieve 
we  (juiiiol  maintain  without  ^ncai  risk  of  ninnini;  into  im|»r(»lital)le 
investment-.,  and  hrin^in^  aloui  a  tVcsh  collapsf  ;  hut  even  if  wr  »lu 
build  7000  miles  a  year,  the  a;rifi-,.iratr  demands  tor  rails  in  the 
United  States  would  not  exeetnl  1,500,000  or  1,()(M),( KM)  tons  a  yeiir, 
or  a  little  less  than  the  estimatc(|  caiiacity  of  the  steel  works  alone  for 
18M2. 

We  are  not  likelv,  lliert  lore,  to  im|iort  many  rail-  from  I^im'o|m', 
except  (H'cjusionallv  on  an  emerjren<y,  and  sts  a  reminder  to  our  manu- 
facturers that  there  are  i>ilier  railinaker-  in  the  world;  l»ut  it"  we  «|o, 
let  us  not  :isk  the  foreign  mill>  to  i;rind  oil"  the  ends  o|"  the  rails,  t«» 
make  them  exactly  of  even  lenj^ith,  a  foreiirn  praciic<*  which  Mr. 
Sandl>er<;  so  justiv  warns  us  airainst.  Neither  >hall  we  :tsk  theuj  to 
notch  steel  rails,  ex<'cpt  in  rare  instances,  ;ls  most  of  our  roads  have* 
n(»w  adopted,  or  are  ad<»|)fin^,  anjj^le  fish-plates,  to  which  the  notchint^ 
is  transferre*!,  thus  preventinij  creepin«;  throutrh  the  >he:irinj^  resist- 
ance of  the  holts;  hiit  we  shall  undoul)te<lly  rctpiire  th<in  to  drill  all 
holes  for  the  latter,  an<l  we  lind  that  a  round  hole,  one  inch  in  diam- 
eter, with  a  'l  inch  holt,  allows  sutlicient  play  t(»  provi«le  lor  contrac- 
tion and  expansion. 

I  made  some  e\|Miiment>  upon  rail  joints  some  ye:irs  :i^o,  which 
indicated  rather  lulier  n-sults  than  those  ixiven  in  .Mr.  Sin«ll>cr;;*s 
Taltle  .\o.  I,  Appendix  II.  1  louutl  that  the  Krie  slaiidani  stctd 
mil  of  (J.'i  pounil>  wi'iiiht  p«'r  vard,  U|)on  .solid  Uarin^  two  tcet  a|i:ut 
in  the  clear,  recpiireil  the  applii'Jition  «tf  a  weight  of  GO  tons  on  tl  i* 
head  in  the  eenti*e  W'tween  the  l>earin^  to  hreak  it ;  that  the  old  i<»int, 
composeil  of  two  Hat  plates,  hroke  with  '20  tons  similarly  appliiil  ; 
that  the  composite  Joint,  consistiuij  of  one  Hat  plate  and  one  an^!e 
plate,  hroke  with  a  weit^ht  of  'Jo  tons,  while  the  Krie  stautlard  ii»int. 
of  two  aii<;le-plat«'s,  -I  inches  lon^,  mpiinii  .'i4  tons  to  hn-ak  it.  The 
Hat-plate  lishiui;  was,  therefore,  IV.\  \ht  «vnt.,  the  «'»>mjM»iie  joint  41 
per  cent.,  and  the  standard  anjjie-joint  57  per  oi'nt.,  sis  stnm.:  j»s  the 
Whole  No.  Vol.  CXII.— (Turun  SF.Rify,  Vol.  Ixxxii.)  IS 


194  Steel  Rails.  [Jour.  Frank.  Inst., 

solid   rail,  and   the  angle-plate  fish   showed  such    marked  superiority 
that  our  adoption  of  it  was  fully  confirmed. 

But  we  are  especially  obliged  to  Mr.  Sandberg  for  the  details  and 
blank  forms  which  he  gives  us  of  his  methods  of  inspection.  I  wish 
particularly  to  call  your  attention  to  the  blank  for  the  inspection  book, 
Appendix  IV,  and  to  the  form  for  reports,  Appendix  V.  I  think  it 
would  be  well  for  us  to  adopt  them  for  the  use  of  our  own  inspectors 
in  this  country. 

I  do  not,  however,  quite  understand  that  clause  in  his  specification 
for  steel  rails  (page  30),  which,  under  the  head  of  "  Tests,"  provides 
that:  ''2d,  The  rails  must  carry,  in  the  same  position,  a  load  of  -- 
tons  without  breaking ;  after  this  the  flange  of  the  rail  will  be  cut, 
and  the  rail  broken.  The  fracture  must  show  perfect  welding, 
especially  in  the  head."  I  thought  it  was  a  peculiarity  of  steel 
rails,  that  they  were  made  from  a  single  piece  or  ingot,  and  I  am 
puzzled  to  imagine  how  the  foreign  makers  contrive  to  get  welds 
into  them. 

You  will  i;otice  that  nearly  all  my  remarks  refer  to  steel  rails.  I 
ought  to  have  said  so  before,  but  the  fact  is,  that  when  we  now  talk 
or  tliink  of  rails,  it  is  almost  always  of  steel  rails,  for  the  days  of  iron 
rails  are  numbered.  Already  we  see,  when  we  examine  one  of  these 
diagrams  of  prices  of  iron  and  steel  rails,  which  look  so  much  like 
the  profile  of  a  railway  preliminary  survey  through  a  mountainous 
country,  that  the  iron  rails  average  only  |5  or  at  most  -f  10  a  ton 
cheaper  than  steel  rails ;  and  the  time  cannot  be  far  distant  when  steel 
rails  will  be  produced  as  cheaply  as  iron.  Indeed,  I  do  not  believe 
that  any  of  our  roads  are  now  so  poor  as  to  be  able  to  aUbrd  to  buy 
iron  rails,  except,  as  I  said  before,  upon  an  emergency. 

The  thanks  and  support  of  all  railway  men  are  therefore  due  to  Dr. 
Dudley  for  his  resolute  attempt  to  ascertain  the  best  com])osition  and 
characteristics  for  steel  rails.  He  may  not  as  yet  have  gathered  all  the 
necessary  data  ;  his  present  conclusions  may  have  to  be  corrected  with 
reference  to  further  facts ;  but  1  know  that  he  is  rendering  valuable 
service,  and  I  believe  that  he  is  on  the  right  track. 

I  quite  agree  with  the  remark  made  by  Mr.  AVilliam  Sellers,  that 
the  consumer  should  not  undertake  to  prescribe  to  tli(3  manufacturer 
how  he  is  to  make  his  rails,  nor  what  materials  lie  is  to  employ,  but 
should  leave  him  free  to  select  the  surest  and  cheapest  way  of  making 
a  good  article.     The  consumer  is  interested  in  the  results  only  ;  but  tus 
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the  (losirocl  rwiilt  in  this  <-a><'  is  that  the  rail  -hall  w<-ar  :ls  lonp  as  jxks- 
sihlc,  aii<l  ;ls  st<'<'l  rail-  wear  out  s(»  slowly  that  wr  <-iUin(*t  know  for 
inanv  years  which  make  <»f  tln-in  is  «roinj;  to  jrivr  thf  very  Ix-^t  sjitis- 
f'aetioii  ;  and  whih-  the  (■(•onoinical  results  are  so  important,  I  iK-licvc 
that  it  i-  oiir  iliit\  to  ciHlcavor  to  ascertain  the  ehanieteristio  of  the 
hest  rails,  to  assist  the  niannf"a«'turer  to  re|>eat  his  suee^-ssis,  and  to 
avoid  his  failures,  l>v  ixivin'r  him  whatever  d:if:i  we  can  jrather  a-  to 
the  rails  in  our  tracks. 

This,  as  I  understand,  is  what  Dr.  Dudh-y  hjt«*  undertaken  to  do,  l»y 
a.seertainiujx  the  chemicjd  comj)osition  and  |)hysic:d  characteristi<"s  of 
the  rails  whiili  have  hest  or  worst  worn  on  the  I'ennsylvania  Railroad. 
While  I  will  |ireseMtl\  mention  some  considerations  whv  his  c.\|Hri- 
ments  mav  need  to  Iw  revised,  I  vet  reco^ni/e  that  he  has  done  and  i> 
<loinL''  a  iri'<'at  jtuhlic  sci'vicc. 

I  mu>f  >av,  ho\\i\(r.  that  the  ehemical  composition  which  he  re<-om- 
inends  d(M's  not  >trike  me  as  a  parti<ularly  soft  steel.  l'"roni  the  <-riti- 
eism  which  he  has  receive<l  here,  I  douht  whether  I  )r.  l)uillev  himself 
now  thiid<>  that  he  has  as  soft  a  thinj;  as  he  at  first  imai;ine<l.  He 
ndvis<'S  that  the  plii>-p|i(.iii-  -liMuld  not  exee<'d  d"  !<»  ..f  nne  jht  j-ent., 
tlie  silicon  not  ahove  (»•(»  I,  and  that  the  c:,rlM»n  should  aim  at  (>•:{(•,  and 
the  man;j:anese  at  (>•."»')  of  1   |)er  cent. 

Now  the  Krie -pccific:ition  of"  Is7(>,  adopt*-*!  after  consultation  with 
Mr.  Iloliey,  reads:  "  Not  less  than  y^,-,"^ths  nor  more  than  ,Vu'hs  of  1 
per  cent,  of  carlton  ;  not  more  than  f^^Vi^''**  "^  '  I**"''  <'«''•<•  '►'  pho>-pho- 
rus,  and  not  uiore  than  jLiJ^ths  of  1  per  (vnt.  of  j>ho>j»horu>  and  -ilicon 
taken  tojrether.  It  may  contain  man<r:ni(se,  l»ut  -hall  1m-  sul>stantially 
free  from  other  impurities." 

In  \  icw  of  the  fact  that  thi<  was  the  state  of  tin-  art  ahoul  the  time 
I  >r.  hiidlcv  hc^an  hi-  iahor-,  and  that  n-.illv  «o// ste«'l,  that  which  we 
Jise  for  our  Koiier  |»lat«-s,  only  «Hintains  t »•( >,S  to  ( >•  I .">  ( if  1  jM-r  c»-nt.  of 
<-:irl)on,  the  term  of"  ".-of"!  st^-i-l,"  which  is  much  dwelt  upon  l>v  the 
author,  i-  rather  a  mi-nom<-r.  \\  hat  lit-  i>  enjr!«jr*'<l  nj»on  i-  the  a-<-»-r- 
tainin*::  what  an-the«-xact  ehcniic-.il  ct»mpo-itions  which  irive  ali-olutelv 
the  hest  rails,  and  how  these  shall  1m-  tli-^tinijuislietl  l»y  phvsind  t^-st.-*. 
To  aj-t-oinplish  this  s:»tisfactorily.  \\v  will  havt-  to  ir«>tli«'r  a  i^mmI  manv 
more  data. 

I  think  exception  may  l)e  taken  to  the  metlnMl  l»v  whii-h  I  >r.  Dud- 
ley has  undt-rtaken  to  asci-rtain  the  loss  of'  weij^ht  sustaim-il  l»v  each 
rail.      llavinir  taken  up  the  wlmjc  rail.  )94->umal>lv  alxmt  ;J(1  t"«-t't  lon<.;. 
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he  has  cut  out  a  slice  from  it,  somewhere,  one-half  an  inch  thick,  and 
from  this  slice  he  has,  by  weighing  and  measuring,  ascertained  the 
I0.SS  of  weight.  Any  one  who  will  caliper  a  worn  rail  throughout  its 
whole  length,  and  thus  ascertain  how  much  greater  is  the  wear  in 
.some  spots  than  in  others  (diifering  -Y^t\\  of  an  inch  in  .sections  2  inches 
apart  in  many  cases),  M'ill  have  serious  doubts  whether  Dr.  Dudley 
has  in  each  case  hit  upon  the  particular  half  inch  which  is  a  fair  rep- 
resentation of  that  wear. 

It  seems  also  difficult  to  accept  the  inference  to  which  this  method 
of  procedure  leads  him,  when  he  says  that  "  rails  nulled  at  the  .same 
mill,  at  the  same  time,  and  with  the  same  thickness  of  web,  and  same 
shape  of  foot,  differed  from  each  other  in  the  original  weight  {cm  com- 
puted) from  1|  to  3  pounds  per  yard."  Such  is  not  our  experience 
with  Erie  rails.  We  find  that  when  the  rolls  are  freshly  turned  up, 
the  rails  run  about  62|  pounds  per  yard,  and  that  this  weight  is  grad- 
ually increased,  as  the  rolls  wear,  to  about  63^  pounds  per  yard  ;  each 
invoice  of  .say  1000  tons  (the  shipments  are  generally  of  about  this 
amount)  averaging  as  near  as  may  be  the  63  pounds  per  yard 
rejiresented  by  the  standard  template.  Here,  therefore,  we  have  a 
variation  of  only  h  pound  per  yard,  which  is  the  limit  assigned  by 
our  specification,  and,  as  I  .said  before,  it  seems  hard  to  believe  that 
on  the  Penn.sylvania  Railroad  it  could  have  been  so  much  as  1^  to 
3  pounds  per  yard. 

I  .scarcely  need  to  point  out  that  if  errors  have  thus  crept  into 
Dr.  Dudley's  estimates  of  the  loss  of  weight  sustained  by  each  rail, 
his  reasoning  and  conclusions  will  be  affected  throughout.  I  recog- 
nize the  difficulty  of  getting  at  the  wear  of  a  rail  the  exact  original 
weight  of  which  is  not  known,  but  I  believe  Di*.  Dudley  will  yet 
find  better  methods- than  that  of  computing  it  from  a  half-inch  slice. 
Perhaps  more  satisfactoiy  results  may  be  reached  by  a  careful  cali- 
pering  of  the  stem,  head  and  foot  of  the  rail,  and  ascertaining 
its  density,  from  which  t(j  deduce  its  original  weight,  deducting 
therefrom,  to  ascertain  the  wear,  the  actual  weight  of  the  worn 
rail.  In  fact,  as  he  finally  resorted  to  the  method  of  averages,  Dr. 
Dudley  would  have  reached  nearly  the  same  result  by  a.ssuming 
that  the  rails  originally  averaged  of  standard  weight,  and  weighing 
together  each  group  of  eight  rails,  upon  M'hich  he  bases  his  deduc- 
tions of  wear. 

I   may  also  .say  a  word  |jis  to  the   comparisons  of  wear   upon   the 


Sept.lHXl.l  Sltt'l  litil/H.  197 

Uj>|M'r  ;iii<l  lower  si<I«>  of  rm-vo.  'rii4->«-  wouM  liavr  Im-^-h  mon*  !<atis- 
fartorv' if  w<'  liad  Im<ii  ti>l<l  tin- (lifVii«ii(»-s.  it'niiv,  \vlii«-}i  oxist  iK'tw^H-n 
the  clcviitioii  of  tin-  otit«r  r;iil  nii  tlicsi-  various  «'iirv<*s  ;  alsii  tin-  "•[m'<'*I.< 
at  \vlii<'li  trains  ^ciKTallv  run  over  tlinn.  Tlu'  <'l«'vation  of  tin-  ont«T 
rail  Ix-inj^  intended  to  o\rn-orn<'  tin-  <-cntritn<ral  fon-c,  and  tlii<,  of 
<-oiirs<',  varvinj;  with  tli<-  -ptcd  of  tlic  tniin,  it  is  cjuit«*  pr.utictilde 
for  the  track  forcinan  to  tlirow  the  wear  upon  tin*  innrr  or  tlit-  ontcr 
rail,  by  diaiij.nn^f  llic  <'lc\ation,  or,  in  a  !<■>.»  dcjrrK-,  for  tin*  I«m-o- 
niotivc  cnj^inccr  to  <lo  tin-  ~aiiic  tliinj:-,  l>v  rnniiin<^  faster  or  slower 
than  the  speed  tor  whieh  the  enr\e  i<  e|evate<|.  I  Iiojm',  however, 
that  Dr.  Dudley  will  <'ln'e|<  over  and  eontinne  hi>  inv«>>ti;r.ition. 
If  is  not  jrnprohaMe  that  the  loidt  will  Ix'  still  further  to  eonfirtn  his 
theorv. 

The  railroad  men  ot'  the  whole  country,  who  are  >|H-cially  inter- 
ested in  rcachinjj  -ound  condn-ions  on  this  suhjer-t.  4':in  niateriallv 
a-si>t  in  tratherinix  additional  data,  hy  tal\in»f  care  to  pp'^rxe  milr. 
which  have  worn  cxcejif ionallv  well  or  ill  in  their  tnick*.  and  .-4-iid- 
intr    them,   with    a    <tatement   of   the    particulars  of   e;ich    t-.i-M',   either 

to     I  >r.     Dudle\.    if     he    will     con-ent     to     te-t     them,  o|-    to    «^»nie  of'   the 

licsseiner  work>  tVom  which  thev  olitain  their  steel.  All  of  thex* 
have  competent  chemists;  they  are  vitallv  inten-^t*"*!  in  niaintainin;: 
a  re|>ntalion  for  makinir  trtMNJ  -teel  mils,  and  thev  would  douhth-s.^ 
he  <:lad  to  make  arnmjrenu'nts  to  analv/e  and  test  anv  .s|M><*inien  rail 
which  mi;;ht  he  s«-nt  to  them,  in  <irder  to  axi-rtain  the  (-.ni-e- of' it« 
excellence  or  deficiencies. 

in  listenin;_f  to  Dr.  llollev's  pa|M-r  upon  IJail  .Setion-.  I  wa* 
reminded  of"  De  (^uincev'^  ideal  nnirderer,  who,  iM-irinninix  with  a 
munler,  which  he  thoULdit  little  of  at  the  time,  had  <rradnallv  fallen 
t<»  rohhiiii::,  drinking  ;in<l  S;iltlt:ith-l>reakini:.  and  <o  on,  down  to 
incivility  .and  priM-rastination.  Fur,  havini:  adopf»il  some  vmr*-  ai^i 
a  rail  |)attern  which  I  ha\f  never  nH-onunende*!  to  other  roads.  n«»r 
<'lainied  credit  tor,  I  now  une.\p('<-t<'<llv  find  from  Dr.  IIolleN*«.  pajx-r 
that  (i'J  per  cent,  of  modern  rail  sections  an*  fa-hioUMl  after  thai 
pattern,  that  the  considenitions  which  iruiihHl  me  an-  thou;rht  worth 
enumenitin«r.  and  th.at  it  t'urnishes  a  <j:o<m1  text  from  which  ti>  pn>:ich 
a  sermon  to  railroad  men.  I  ho|M',  however,  t**"  siti.-tV  vou  that  I 
am  not  entitled  to  a>  much  notio- as  Dr.  IIoHev  ha-  iMt-n  plea-xij  to 
_i;ive  me. 

As    Mi-.  Welch    has   told    vou.  we  were   Ixith  in  1h74  ni«'ndx'tv  of  a 
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committee  of  the  American  Society  of  Civil  Engineers  to  investigate 
the  best  form  of  rail  sections.  He  then  called  my  attention  to  the 
success  of  the  thin  flange  and  stem  of  his  pattern  of  1866,  and  I 
adopted  them  for  the  Erie  Railway,  which  was  then  much  in  need 
of  a  standard  steel  rail  section.  The  beveled  head  was  furnished,, 
ready  made,  by  the  sections  of  old  rails  which  I  examined,  and  was 
confirmed  by  the  templates  of  worn  wheels,  twenty  or  thirt}'  in 
immber,  which  I  obtained  from  locomotives  and  cars.  I  simply 
gathered  the  data,  and  was  guided  by  them,  as  any  one  would  have 
been  in  my  place,  and  as  in  fact  others  had  been,  for  I  am  informed 
that  Mr,  Sayre,  of  the  Lehigh  Valley  Railroad,  and  Mr.  Fritz,  of  the 
Bethlehem  Steel  Works,  had  designed  and  rolled  a  similar  rail  aiu 
early  as  1870. 

The  Erie  rail  was  originally  designed  to  weigh  sixty  pounds  per 
yard,  this  being  the  limit  at  that  time  imposed  by  the  managers  of  the 
road.  It  took  some  months  to  get  the  pattern  accepted,  some  of  the 
rolling-mill  managers  declaring  that  it  could  not  be  rolled  without 
producing  a  large  percentage  of  imperfect  rails.  Mr.  L.  S.  Bent,, 
however,  the  superintendent  of  the  Pennsylvania  Steel  Company's 
Works,  thought  differently  and  determined  to  try  it.  He  found  that 
the  percentage  of  imperfect  rails  \vas  actually  less  than  with  other 
})atterns  then  in  use,  and  he  designed  and  introduced  a  number  of 
steel  rail  sections  on  the  same  principle,  which  have  become  standards. 

Some  three  or  four  thousand  tons  were  rolled  and  laid  of  the  orig- 
inal Erie  sixty-pound  pattern,  and  they  have  stood  very  well,  but 
Dr.  Holley  having  suggested  that  the  thinness  of  the  foot,  in  pro- 
portion to  the  head,  might  cause  dangerous  internal  strains  in  coolings 
and  thus  make  the  rail  brittle  and  dangerous,  a  thickness  of  one- 
sixteenth  of  an  inch  was  added  to  the  foot,  increasing  the  weight  to 
sixty-three  pounds  per  yard,  and  this  has  been  the  Erie  standard  sec- 
tion ever  since.  As  I  saitl  before,  in  my  opinion  the  Pennsylvania 
Railroad  section  of  sixty-seven  pounds  per  yard  is  better,  as  likely  to 
wear  about  50  per  cent,  longer. 

Up  to  a  certain  point,  there  is  an  advantage  in  diversity  of  railroad 
practice.  So  long  as  the  i)est  device  for  a  particular  purj)ose  is  not 
ascertained,  there  is  a  necessity  for  experimenting,  and  the  resulting 
variety  of  design.  When,  however,  the  best  pattern  is  approximately 
agreed  ujxin,  the  effort  should  be  towards  uniformity.  'J'his  point 
seems  now  to  have  been  reached  about  steel  rail  sections,  although  I 


8<ipt.,  1881.]  Sleel  RaUH.  199 

\\iu\  no  idea  tlii>  wa-  tin*  fact,  and  I  liojx'  the  niilroads  will  take 
advantage  of  the  economy  which  I  )i\  lloiiey  ha>  >ho\vn  ns  to  re>ult 
from  the  a<Ioj»tion  of"  nnif'orni  standards. 

He  has  called  our  attc.-ntion  to  the  importance  of  uniformity  in 
fi.shinj^,  and  especially  in  spacing  tlie  holt-holes,  hut  he  has  not  told 
us  whi(!h  he  considers  the  best  practice.  I  venture  to  |>res*.Mit  a 
drawiiif^  of  the  Krie  standard  Joint.  (See  accom[)anyin);  plate.) 
There  is  nothinjr  novel  ahont  it,  l»tit  the  points  which  we  think 
nieriti)rious  are  the  follnwint;: 

1st.  The  holes  in  the  rails  are  placed  Jis  far  from  the  end  as  we 
deemed   jjracticahlc.     The  centre  of  tin-   first  hole  is   pitcln-d  an  even 

4  inches  from  the  end  of  tin'  rail,  ami  the  .'^MHind  hole  i>  <>  inches 
beyond  this,  (»r  10  inches  from  the  end. 

2d.  These  holes  are  drilh'd  in  all  cases,  are  1  inch  in  diameter,  an<l 
as  nciir  the  neutral  a.xis  of  the  rail  as  we  could  j^et. 

J3d.  The  fishing  is  done  with  angle  plates,  which  we  find  about  7o 
p(T  cent,  stronger  than  flat  |)lates.  The  notching,  which  is  in  the 
lish-platc  and   not   in   the   rail,  is  spacetl  ."JA  inches   from  one  end,  and 

5  inches  from  the  other,  so  that  when  the  plate,  which  is  reversible,  is 
applied  to  both  sides  of  the  rail,  the  notches  are  staggere<l  suflicientiv 
to  avoid  splitting  the  ties  with  the  spikes. 

4th.  The  allowance  for  expansion  is  made  in  the  fi^h-jdate,  the  two 
centre  holes  l)eing  spaccnl  83'j  inches  apart.  As  the  ne.vt  holes  are,  of 
course,  (J  inches  beyond  the  centre  h<»les,  and  the  plate  is  de>ign«Hl  to 
be  24  inches  long,  it  will  be  noticed  that  if  the  man  at  the  >hears  cuts 
it  off  at  the  right  length,  and  the  man  at  the  punch  centres  it  exa»'tlv, 
the  distanci-  from  the  <-entrc  of  tlu-  cwd  holes  to  the  end  (»f  the  plate 
will  be  |)rcciscly  1^{]  inches.  1  ho|»c  that  Dr.  Holley.  win*  s;iv>  he 
was  appalled  at  the  tluaiglit  that  tin-  mind  of  man  can  hit  |M-rle«-tion 
in  spacing  fish-|)late  holes  within  the  (J 4th  of  an  inch  will  see  frouj 
this  brief  exposition  of  the  priKv.ss  that  it  is  more  ejusy  to  accom|>lish 
than  he  supposinl. 

5th.  The  holes  in  the  Hsh-plate  are  made  oval  to  allow  for  expan- 
sion an<l  contraction.  The  bolt,  whii'h  is  f  of  an  im-h  in  diameter,  is 
upset  under  the  hcati  to  till  this  oval  hole,  and  thus  prevent  turning. 
It  is  provided  with  a  hexagonal  mit.  umh-r  which  we  genendlv  place 
a  thin  washer  of  wrought  iron.  We  have  verv  little  trouble  fn)m 
mits    getting    loose,  so  little    indeed    lliat,  uliilr  w  i     have   e\|MTimeiitetl 


200  Steel  Rails.  [Jour.  Frank.  Inst., 

witli  a  number  of  lock-nuts,  we  have  not  deemed  it  necessary  to  adopt 
any  of  them. 

But  I  fear  I  am  becoming  wearisome  by  my  discussion  of  these 
details,  which  would  be  more  appropriate  before  a  special  committee 
on  this  subject,  such  as  that  appointed  in  1874  by  the  Society  of  Civil 
En2;incers.  The  main  point  before  you  is  that  so  well  made  by  Dr. 
Holley,  of  the  importance  and  economy  of  uniformity  in  rail  sections 
and  fastenings.  Of  that  we  have  had  some  experience.  We  had  on 
the  Erie  railway,  when  the  new  steel  section  was  adopted,  12  patterns 
of  steel  rails,  29  patterns  of  iron  rails,  and  90  diiferent  styles  of  fast- 
enings. These  caused  no  end  of  annoyance,  delays  and  expense,  in 
matching  or  mismatching  them,  taking  up  and  changing  about  long 
strings  of  rails,  and  in  the  large  stocks  which  it  was  necessary  to  keep 
for  repairs.  This  has  all  been  done  away  with  by  the  adoption  of  a 
single  pattern  of  rail  and  of  fastening,  and  the  resulting  economy  fully 
confirms  all  that  Dr.  Holley  has  said.  He  has  shown  us  that  the 
railroads  of  this  country  can  save  several  millions  a  year  by  ado])ting 
uniform  rail  sections,  and  as,  unfortunately  for  him,  he  cannot  })atent 
his  idea,  it  only  remains  for  the  railroads  to  adoj)t  it,  and  to  thank  him 
for  his  paper. 

Dr.  C.  B.  Dudley,  Altoona,  Pa.:  In  rising  to  close  this  interesting- 
discussion  I  want,  in  the  first  place,  to  thank  every  one  who  has  con- 
tributed to  it-  for  his  full  and  open  criticism.  The  work  which  has 
been  done  on  steel  rails,  and  which  has  been  discussed  here  during 
these  two  days,  was  not  done  to  establish  any  pet  theories,  nor  to  make 
out  that  any  person  was  great  or  any  person  small,  but  with  a  sincere 
desire  to  get  at  what  is  the  truth  in  regard  to  the  wearing  capa(;ity  of 
steel  rails.  There  are  enormous  commercial  considerations  involved 
in  this  question,  and,  as  I  look  at  the  matter,  the  more  honest  criticism 
and  fair  discussion  there  is,  the  more  likely  it  is  that  the  truth  will 
appear. 

And  first  I  would  like  to  say  that  it  seems  to  me  very  little  has 
been  said  here  ui)on  the  main  conclusion  of  the  paper,  namely,  that 
the  softer  rails  give  the  better  wear.  All  sorts  of  side  issues  have 
been  discussed;  but  this  point,  which  is  really  the  principal  one  at 
issue,  has  been  largely  ignored,  and  I  cannot  but  feel  that  it  still 
remains  unshaken. 

With  regard  to  chemists  and  chemical  work,  there  has  been  consid  • 
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erable  sai«l  Icndin^r  i,,  tlnuw  <lis<Tc<lit  on  clicmists  and  tlifir  work;  and 
while  I  hclicvc  that  then-  have  Ixcn  in  ihi-  |>a-t,  an*  now,  and  may  l>e 
in  the  I'ntnrc,  a  ^ood  many  poor  chctiiiral  anMly.<c>  made,  I  also 
belic^ve  that  chcmi.st.s  an*,  as  a  rule,  as  honest  and  »'oni|Mtcnt  as  gentlo- 
mon  who  Ixdonji;  to  other  profossions.  There  are  ehemists  wl«o  are 
chemists,  and  clHimists  who  are  not  ehemists. 

The  determination  of"  manganese  has  hef-n  ealled  in  (int-stion.  Now 
I  third;  the  chemist  at  almost  eviTV  ste<,*l  works  in  thr  ronntry  will 
tell  von  that,  in  his  experience,  the  man<r«niese  dirtei"s  in  ditl'crent  parts 
of"  the  .-anjc  ini,oii.  Mr.  T.  T.  MitrrcH,  chemist  of"  the  ('and)ria  Iron 
{ lompany,  whom  I  lieliive  to  l)e  a  lhorou<;hlv  competent  and  lione-t 
chemist,  tells  me  that  lie  has  often  foniid  dif!"erent  amounts  of  manj;a- 
iiesc  in  dillercnt  parts  of"  the  same  in^rot.  Come  with  me  to  Alttnuia, 
and  1  will  take  yon  into  the  machine  shop  where  steel  is  Immii;;  cut 
and  sha|>e<l,  and  I  will  show  yon  that  it  is  of"ten  ne<'essarv  to  stop  the 
lathe  or  |)laner  and  take  a  cold  chisel  to  cut  out  a  hard  -pot,  or  else 
nm  till-  risk  of"  hreakiii},^  the  tool.  This  hard  spot  is  siniplv  a  |»art  of" 
the  spie;;el  which  is  not  thoronirhlv  mixed  with  the  ma<>  when  the 
steel  is  made.  In  the  ra|tid  metho«|s  hv  which  >teel  is  at  |»re-eiit  nian- 
iifacttire  I  time  enou<;h  is  not  allowed  for  the  spie^el  to  hecomc  nni- 
f"ormly  mixed.  What  womli-r,  then,  that  <hemists  find  <lifU'rcnt 
ainoiints  of  njan^^anc-e  in  what  is  snppo.sed  to  he,  but  is  not,  the  s:une 
slecl.  Iinleiij,  1  Ix'iii'vc  it  is  possible  for  the  l)orin<;s  from  one  bore 
h<»le  in  the  >ame  inL:;(»t  to  be  >riven  to  two  chemists  and  to  have  thoni 
find  dilli-rent  atnonnts  of"  maiiLranese,  and  vet  both  analvses  be  corrcj-t. 
.\nd  so  I  say  to  the  steel  makers,  ".Make  uniform  <te(|.  and  we,  ;ls 
<'hemists,  will  tell  yon  what  there  is  in  it." 

W  ith  rcjjard  to  the  determination^  of"  maiejanese  in  the  serio  of  mils 
we  are  dis<'U,ssini;  I  would  >ay,  I  w  i-h  Mr.  Wells  was  here,  that  vou 
mitxht  s«>e  him  f"or  yonrsi-lves.  When  1  be.^an  this  work.  I  wrote  to 
my  old  instructor  in  eluMnistry,  !*rofes.s(»r  ( ).  D.Allen,  of  the  SJieflieUi 
Scientific  School,  to  reeomnu'ml  me  .some  one  to  help  m«'.  He  replie<l 
that  if  .Mr.  Wells  would  come  he  eouM  heartily  recomnn'ud  him.  He 
hail  had  two  years'  exj)crienee  since  his  ixraduation,  and.  saiti  I'rofcssor 
.Mien,"  I  rcirard  him  as  the  b<'>t  analytical  chemist  that  has  <^rr:nliiate<l 
under  me.""  And  I  may  add  that  Itotli  I'mfe^snr  |)n>wn  and  mvscif 
jjradnated  under  l*rol'e>s<>r  .\llcn. 

Still  further,  it  is  simply  impos.siblc  that  any  erroi-s,  .-ithcr  in  the 
i'hemieal  analyses  or  the  phy-ical   tests,  should   have  iiad  any  InHuenw* 
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ill  establishing  the  point  that  the  softer  steel  gives  the  better  wear. 
This  follows  from  the  way  in  which  the  work  was  done.  First  the 
physical  tests  were  made,  then  the  analyses,  then  the  tonnage  was 
computed,  and  finally  the  loss  of  metal  was  determined.  So  that  we 
knew  nothing  about  a  rail  until  all  the  chemical  analyses  and  physical 
tests  were  made.  Furthermore,  some  of  the  rails  that  were  selected 
as  faster-wearing  rails,  when  we  came  to  get  tlie  rate  of  wear,  were 
found  to  be  slower-wearing  rails.  So  that  no  previous  bias  of  mind, 
or,  as  it  seems  to  me,  no  possible  errors  in  the  work  could  influence 
the  result. 

Again,  with  regard  to  sulphur  and  copper,  it  is  said  that  these  are 
of  vital  importance,  and  should  have  been  determined.  In  answer  to 
this  I  would  say:  Where  is  the  man  that  can  affirm,  and  back  his 
statement  by  any  analysis,  that  sulphur  and  copper  have  any  influence 
on  the  wearing  capacity  of  steel  ?  I  do  not  say  that  these  elements  do 
not  have  an  influence  on  wear,  but  when  this  investigation  was  started 
the  best  information  that  I  could  get  was  that  sulphur  and  copper 
were  of  vastly  more  importance  to  the  steel  manufacturers  than  they 
were  to  the  consumer.  And  so  I  say  that  I  believe  the  sulphur  and 
copper  are  of  importance  to  the  makers  of  steel,  but  of  not  so  much 
importance  to  one  studying  its  wearing  capacity.  If  you  want  to 
know  the  sulphur  and  copper  in  these  rails  you  may  determine  them. 

Probably  no  one  has  thought  over  the  question  why  some  of  the 
rails  in  this  series  seem  to  be  exceptions  to  the  general  law  more  than 
I  have.  This  suggestion  in  regard  to  sulphur  and  copper,  and  other 
undetermined  substances,  and  especially,  in  my  judgment,  oxide  of 
iron,  furnishes  a  possible  solution  of  the  problem.  If  we  knew  every 
foreign  substance  which  these  rails  contain  I  doubt  not  but  that  some 
of  the  anomalies  would  be  explained.  And  I  would  here  like  to  ask 
chemists  who  have  time  to  devote  to  such  studies,  to  give  us  a  method 
for  determining  oxide  of  iron  in  steel. 

Another  point  made  was  the  influence  of  heavier  locomotives  and 
cars  on  the  wear  of  rails.  If  I  understand  this  criticism  it  is  this: 
Your  slower-wearing  rails  had  lighter-wheel  tonnage  for  at  least  a 
portion  of  their  life — the  earlier  portion — while  your  faster- wearing 
rails  have  had  almost  altogether  heavier-wheel  tonnage.  In  reply,  I 
say  the  slower- wearing  rails  had  during  the  latter  part  of  their  life  the 
same  heavier-wheel  tonnage  that  the  faster- wearing  had.  All  the 
rails  were  taken  out  of  the  track  at  the  same  time,  and,  consequently^ 
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H<»  far  a-  I  <aii  f<ti-,  tin-  <-<niijiariM)ti  <»t"  tlu-  WKirini^  (-ipai-itv  of  steel 
with  itK  (jiialitN-  is  strii'tly  a  fair  one. 

Airaiii,  in  tin;  cuiirsc  of  this  (lis<-ii.— <ioii  not  a  tiw  tiiiio  iht-  ••x«'<'|>- 
ti(jiial  caM's,  th«.'  r;w<'s  \vh«'n'  indivithuil  raiU  (li<i  in»t  coiit'orin  to  tlie 
j^eneral  hiw,  have  Im.m-ii  taken  out  an<l  held  iij*  |troniini-ntly  Ix'fore  us, 
a.s  thoufxh  this*'  in(!ivi(hial  and  rxccptionai  cjLs^-n  wen-  the  oidy  thing 
w<-'  hhould  consiihr.  Now,  1  suhrnit  to  yon  that  this  is  .sini|)ly  tryiiijj 
to  overthrow  a  hiw  hv  the  exreptions  to  it,  or,  in  other  w<trds,  to 
nnllify  the  te^chinjrs  of  a  lar;re  iujinl)er  of  s;ifn|des  hy  the  teaehinpi 
of  a  few  exceptional  eases,  and  I  snlnnit  still  further  that  this  method 
of  pnM-eedinjx  is  neither  ^oimI  loirie,  nor  fair,  souinl  de<hieiion. 

I  riiii-t  n<»t  omit  to  cominent  on  the  remarks  ot'  tho^-  *j»f:iker-  who 
hav«'  refnte<l  eonelnsions  whi<'h  I  did  not  advance,  and  have  then  ei»n- 
si(K're<l  my  position,  namely,  that  tin*  HifN-r  rails  ^ive  tin-  l»ett«-r  w<-ar, 
jis  <*ompIetely  deniolishecl.  A  iintahh'  ease  of  this  kind  i~  Mr.  Kent, 
who,  hci-jmse  hi'  ({(m-s  not  find  that  tln-re  i>  a  <lireet  relation  U'tweeii 
the  l(»ss  of  metal  and  the  ejirh<tn,  phosphorn^,  silicon  or  man^janj-x',  or 
phos|)iiorns  nnils  in  this  seri<'s  of  miU,  aflirnis  that  I  have-  not  sojveil 
the  whole  jtroMcm  of  wcai",  and,  < /v/o.  the  *ot"ter  r.iiU  i|o  not  ijive  the 
iM'tter  wear.  I  he;;  to  remind  him  that  I  have  never  sai<i  that  I  had 
solved  the  prohlem  of  wear.  I  <'X|ire-«lv  >av  I  have  not  -miIvmI  it, 
hill  I  do  not  see  how  that  atlt'e(>  the  main  ipiestion;  imr  do  1  -^•e» 
l»e<'sin.se  there  is  no  dire<-t  relation  Uetwtvn  e:irl)on  and  loss  of"  metal, 
that  it  is  impo.ssihie  for  me  to  take  a  .^leries  »»f  mils  which  have  inH-n 
in  sei-\  ice  and  find  hy  a  stndy  of  tlietn  what  cheniie;il  e«tni|N tuition  and 
what  physie:d  prop«rties  are.  in  general,  characteristic  of  thox-  rails 
which  have  jjiven  the  U-st  service.  This  I  claim  to  have  done,  and 
the  eoiiclnsion  seems  to  me  so  plain  that  he  who  rMn>  mav  read, 
ruiniely,  that  the  softer  rails  )i\\v  the  In-tter  wear. 

With  re«r:ird  to  .Mr.  .Met«-alf'  and  his  atlrihntiiii:  all  the  troul>le>  of 
steel  to  iiitroj;en,  1  think  it  may  fairly  he  siitl,  fii-st,  that  Mr.  Met«-alf 
hrin^s  no  pnH)f  to  show  that  nitrojren  is  the  haneof  .'*tivl ;  and  .s«i^mu1, 
if  it  is,  the  natund  conclusion  would  U-  that  no  steel  o>uld  Im'  made 
excvpt  hy  the  crticihle  |>r«Kx>ss,  which  w«tuld  un«h>ul>ti-<ily  U'  a  s;iti.«i- 
faetory  conclusion  for  j-rucihle  st«>elmak«'rs,  like  Mr.  Met«-alf,  hut  wouhl 
hartUy  satisfy  the  .st<H'kl»oJ<l«'rs  of  the  Ik'ss<'nier  works,  or  stop  their 
makinir  '^te«'l  with  nitro.^cn  in  it  in  tin-  future.  With  nuaiil  to  another 
<riticism  of  Mr.  .Mett-.df's,  that  the  (pu-stion  of  fhiw  had  not  Ufii 
«onsidered,  I   would    siy  that    I    think    then-   i-  very  little  eviden«v  ul 
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flow  in  this  series  of  rails  anyway.  And  so  I  asked  Mr.  Metcalf  how 
the  flow  influenced  the  loss  of  metal  by  wear.  He  replied  that  flow 
squeezes  the  metal  toward  the  flange  and  then  the  flange  rubs  it  ofl". 
To  this  I  made  reply,  that  the  flow,  whatever  there  is  of  it,  must  be 
away  from  the  forces  which  produce  it.  Now,  both  the  pressure  of 
the  flange  against  the  rail  and  the  coning  of  the  wheels  would  cause 
the  metal  to  flow  away  from  the  flanges  instead  of  toward  them,  and 
consequently  I  do  not  see  how  you  are  going  to  get  metal  there  for  the 
flange  to  rub  off.  The  flow  must  be  in  the  other  direction,  or  away 
from  the  flanws.  Although  a  few  of  the  rails  in  this  series  (rive  evi- 
dence  of  having  a  little  metal  pushed  ofl"  out  of  place  by  reas(m  of 
flow,  yet  the  metal  is  there.  It  is  not  worn  off,  and  the  question  we 
are  studying  is  loss  of  metal  by  wear. 

One  or  two  points  further,  and  I  am  done.  It  has  been  said,  "  You 
have  not  exhausted  the  question  yet.  More  study  must  be  put  upon 
it."  No  one  is  more  conscious  of  the  truth  of  these  statements  than  I. 
I  do  not  pretend  to  have  exhausted  the  question.  I  wish  there 
were  fifty  workers  in  this  field.  But  I  believe  that  the  results  that 
we  are  discussing  are  the  best  information  that  we  now  have  upon  the 
question  as  to  the  relation  between  the  wearing  capacity  of  steel  and 
its  chemistry  and  physics.  I  would  not  at  all  affirm  that  this  will 
be  the  best  information  on  the  subject  five  years  from  now.  But 
I  think  that  man  does  his  life-work  best  who  lives  up  to  all  the  light 
that  he  has  in  his  own  time.  And  so  I  ask  you  to  utilize  this  work, 
to  act  upon  it  and  guide  your  practice  by  it  until  something  better  is 
obtained. 

Finally,  I  have  been  accused  of  trying  to  teach  the  steelmakers 
how  to  make  steel,  and  it  is  to  be  supposed  that  they  know  already 
much  more  about  that  point  than  I  do.  Now,  if  any  one  thinks 
that  such  has  been  my  aim,  or  has  ever  been  in  my  thoughts,  he 
has  certainly  misunderstood  me.  What  I  am  striving  for  is  to  tell 
the  steelmakers  what  we  want,  not  how  to  supply  this  want.  This 
whole  question  of  the  fitness  of  material  for  the  purpose  for  which 
it  is  intended  is  in  its  infancy.  We  are  doing  something  toward 
studying  it  at  Altoona.  The  principle  which  governs  us  there  is 
that  the  kind  of  service  that  is  to  Ije  required  of  the  metal  must 
determine  what  kind  of  metal  shall  be  used.  Because  softer  steel 
gives  better  rails,  we  do  not  think  softer  steel  will  give  better  crank- 
pins.     In  crank-pins  we  require  stiffness,  which  comes  with  harder 


Sept.,  1881.]  Veloeity  of  Lif/ht  and  Electricity.  205 

steel.  Jlut  ill  rail-,  in  tires,  in  hridj^c  r«i(|>  ainl  in  Koilcr  plate  we 
are,  so  far  a.s  our  knowled}^*'  now  goe.<,  ineliiKHJ  toward  soft  ."^teel. 
And  all  the  inforin:ition  wliieh  we  have  thus  far  l)een  ahle  to  ar-eiiinii- 
late  in  re^^ard  to  these  kinds  ot"  service  eonlirins  our  position  and  jus- 
tides  onr  e<(iie|ii-i(tn. 

And  now,  how  can  the  hest  roidts  he  obtained  in  tivin'_'  to 
decide  upon  the  (piality  of"  material  best  fitted  for  any  kind  <»!'  ser- 
vice? I  do  not  see  that  the  steelmakers  can  study  this  (|uestion  aloue, 
for  alter  the  steel  leaves  their  hands  they  know  V(.'ry  little  of  its  beha- 
vior. It  does  not  come  under  their  jtersonal  observation  atid  -tiuly. 
It  seenis  to  me,  therefore,  that  the  question  can  only  be  stndie«|  by 
both  the  edii-iiiner  and  the  |irodueer  working  together.  I  eannot  but 
regard  that  the  interests  of  the  consumer  and  the  j)roducer  in  this 
matter  are  one,  that  neither  can  solve  the  question  al<»ne,  and  so  I  ask 
you  to  work  with,  rather  than  oppose  me,  to  utili/e  the  intornia- 
tioii  iliMl  is  i;ained,  so  far  as  it  is  gained,  and  to  coustantlv  hold  in 
mind  the  necessary  de|)endenee  of  both  pnMlucer  and  coM>umer  upon 
each  other. 


Velocity  of  Light  and  Electricity.     I'he  probai)le  identity  of 

wave  velocity  in  liuht  anti  electricity  has  been  established  in  various 
ways.  Weber  and  Kohlrausch  measured  the  (juant it v  ;  Sir  William 
'rhomj)son  and  .1.  ( 'lerk  Maxwell  e\p»-rin»eut<'d  upon  the  ele<'tro- 
motive  force;  Ayrloii  and  Perry  operated  u|>om  the  electrostatic  c:ipa- 
city.  The  extreme  range  «tf  velocity  in  the  various  rcsidts  w:ls  about 
10  |>er  cent.;  the  mean  of  all  the  results  apj»ear  t«)  correspoutl  pre- 
cisely with  the  veI(H'ity  of  light.  The  meaning  of  this  ac^-ordanci' 
may  be  explained  as  follows:  Sup[>ose  two  parallel  plain  surfaces,  each 
charged  with  a  unit  of  positive  electricity  and  placeil  at  unit  of  dis- 
tance; they  will  re|)el  each  other  with  a  unit  of  force.  Now  suptxieie 
that  they  are  both  set  in  motion  in  the  .s;ime  direction,  but  remaining 
parallel  and  at  the  same  «listaiu'c;  they  will  prcnluce  tin-  «'f!tHts  of  two 
parallel  currents  of  the  same  kind  and  will  exert  a  mutual  attr.iction 
which  will  increase  with  tlii'  veliH'ity  of  motion.  It  is  possible  to 
coni'cive  ol  a  velocity  such  that  the  attraction  n^sidting  from  the 
tnotion  will  exactly  coinilerbalance  the  repidsion  which  arises  fn»m  the 
sindlitude  of  electricity ;  this  vehx-ity  is  pi>fiM-ly  that  «»f  li<;ht. — Iai 
Lamicic  Kicctrit/ue.  C. 
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BURNISHING  AND  DUCTILIZING  STEEL. 


By  Jacob  Reese,  Pittsburgh,  Pa. 

Read  at  the  Philadelphia  Meeting  of  the  American  In.stitute  of  Mining  Engineers, 
held  at  the  Franklin  Institute,  February  17,  1881. 


I  have  discovered  a  new  method  by  wliich  steel  and  other  metals 
may  be  burnished  by  the  automatic  action  of  the  burnishing  machine, 
and  by  which  the  cost  is  greatly  diminished  and  more  perfect  work 
produced.     And  in  addition  to  the  polisliing  and  burnishing  action  of 


Fig.  1. 


the  new  process,  I  have  discovered  that  by  a  certain  practice  in  the 
process  of  burnishing,  the  metal  under  treatment  may  be  permanently 
increased  in  diameter  of  its  cross  section,  and  its  ductibility  increased 
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from  30  to  90  ynir  atui.  at  a  t<iii|)t.'r:itiin-  ranging  from  GO""  to  250°Fahr. 
Tlic  iiiacliiiic  i~  -liow  II  ill  tin-  accoijip.inyiiii:  drawinj^  ;    Fi^.  1    is  a 


I  i.'.  ■!■ 


toj)  view  nt'  a  (•niitiminiis-<li>k  iiiaclijiic,  V\^.  '1  is  an   i-ml    flrvatioii   uf 
the  same,  Fi<r.  -J  is  a  Inp  view  of  a  set  of  conical  disks  and  l*'ii;.   \  is  a 


Fiir.  t 

<lia;;iam  showing  tlic  wtnUiii^  fa«v  of  «inf  disk  and  tin*  Ici'k  ..f  anotlnr 
Like  U'ttoi*s  refer  to  like  parts  wherever  they  <K*cnr. 


Kip.  4 
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The  series  of  disks,  which  in  the  present  instance  are  six  in  num- 
ber, are  arranged  so  that  they  all  operate  upon  the  bar  at  one  and  tiie 
same  time.  The  faces  of  the  disks  are  slightly  conical  and  the  centre* 
of  the  faces  are  turned  concave,  so  that  the  working-face  of  each  disk 
extends  from  the  edge  of  the  peripliory  to  the  outer  edge  or  line  of 
the  concave  portion  of  the  disk.  The  disks  are  of  two  sizes,  the 
laro^er  beiny;  about  sixteen  indies  in  diameter  and  the  smaller  about 
fourteen  inches.  The  large  disks  A  A'  A'  are  placed  upf)n  the  same 
side  of  the  working-line  and  the  small  disks  a  a'  d'  are  placed  on  the 
opposite  side,  the  object  being  to  secure  a  d(jwnward  bite  u[)on  the 
bar  by  the  large  disks  and  an  upward  by  the  small  disks,  therein^ 
keeping  the  bar  down  firmly  on  to  the  rests.  These  disks  are 
mounted  on  suitable  shafts  B  B'  B^  and  b  h'  hr,  which  are  set  in  the 
standards  or  housings  C  and  C  in  such  a  manner  that  the  large 
and  small  disks  are  not  directly  opposite  to  each  other,  but  bear 
such  relative  positions  as  will  bring  the  outer  edge  of  the  working- 
face  of  each  disk  directly  opposite  to  the  inner  line  of  tiie  work- 
ing-face of  the  adjacent  disk.  This  arrangement  is  not  absolutely 
necessary,  but  renders  the  construction  simpler  than  other  modes  of 
arrangement. 

The  disk-shafts  are  provided  with  pinions  D  D'  7/  and  d  d'  d', 
which  mesh  into  idlers  or  pinions  mounted  on  shafts,  which  are  set 
into  the  standards  between  ea(!h  pair  of  disks.  It  is  neces.sary  to 
have  idlers  for  the  disk  pinions  to  mesh  into,  because  if  they  were 
to  mesh  into  and  communicate  motion  directly  to  each  other  every 
other  disk  on  the  same  side  of  the  working-line  would  revolve  in 
an  opposite  direction,  and  consequently  prevent  the  mechanism  from 
working. 

E  ^'  are  end  housings,  provided  with  suitable  adjusting-screws  for 
the  purpose  of  setting  the  machine  for  any  given  size  of  work,  to 
adjust  the  disk-faces  in  a  parallel  line  and  regulate  the  pressure  upon 
the  metal  operated  upon.  F  indicates  the  main  driving-shaft,  which 
is  provided  with  pinions  G,  g,  which  mesh  into  the  central  disk- 
pinions  D,  d.  H  H'  H^  indicate  rests,  which  are  i^et  in  line  beneath 
and  between  the  disk-faces.  These  guides  or  rests  are  slightly  less  in 
width  than  the  diameter  of  the  piece  of  metal  to  be  operated  upon, 
and  for  ordinary  work  they  are  adjusted  to  keep  the  centre  of  the  bar 
a  little  below  the  centre  of  the  disks,  that  being' necessary  in  order 
that  the  resultant  action   of  the  forces  exerted    bv  the   movement  of 
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the  disks  rnav  caiiM- t lie  l>:ir  t<»  r<»'<l  torwanl  a-  it  n>tat<-.  'Ih»-  for- 
ward Hpoc'd  will  dr|)»ii<l  u|>oii  tlic  altitude  of  the  rests  in  relation  t<» 
the  disk-centres,  and  if  they  are  adjiiste<l  >4)  that  the  centre  of  the  har 
is  on  the  same  line  as  the  <'<*ntre  (»f  the  disks  it  will  rotate,  hut 
willionl  fiiiward  or  harkward  motion.  It"  tin*  re.sts  are  adjnsteti  to 
throw  the  centre  of  the  har  ahovc  the  ctntrc  of  the  di>k-,  it  will  have 
a  backward  movement  a-^  it  rotates. 

W'licii  |iu\\cr  i>  M[»|tlif«l  (<i  the  main  ^liat't  /•',  to  rotate  the  sime,  the 
pinions  (i  tj  coMHnnni<'alc  motion  to  the  «-entr.il  <li-k-|>inion-  />  </, 
which  turn  the  idlers  and  thus  coainumic-ate  motion  to  the  other  di-k- 
pinions,  can-in;;  all  the  disks  to  rotate  nniformly.  In  order  to  tit 
these  <lisks  for  hnrnishinj;  and  dmtili/in;;  iron  and  steel  it  is  neei'ssirv 
that  tiieir  workin;;-faces  shrndd  he  trned  and  hiirhly  polished,  ami  thi< 
I  accom|(lish  in  the  following  manner: 

The  maejiinc  having  heeii  adin-ted  tor  anv  ijiven  -i/e  of  work  and 
the  <;ni<les  (»r  rests  hein;;  in  a  line  and  adju-led  to  the  projK-r  hei;:ht, 
I  take  a  scpiare  piece  o|'  hard  woikI  of"  .-nitahle  thickne.-v-  and  place  it 
n|)on  a  rot  in  tVont  of  the  machine.  I  then  oil  the  disk-fac<.'s  and 
si»rinkle  tlu-m  with  emery  and  tinally  enter  the  hkn-k  U-tween  the  <li-k- 
faces,  wln-n  it  will  he  canj;ht  and  drawn  slowly  forward,  thus  trninjj 
and  polishing  the  entire  train  ot'  W(»rkinj;-faees  at  (uu*  an«l  the  same 
time,  and  also  polishinj;  an<l  trninj;  the  workin^j-faivs  of  the  re-ts. 
The  machinery  is  now  <'apal>le  of  hnrni-hin;;  and  dnctilizin^  the 
metal  when  jnopcrly  adjusted  for  that  purpose,  and  this  adjustment  is 
a  matter  which  will  i-eipiirc  considei-.ihle  .-kill  and  care  upon  the  jiart 
ol"  the  operator,  as  a  de;;i-ec  of  prc.<sure  is  necehsiiry  in  some  c:».'<';» 
which  would  he  ('Utirelv  iuadmi.ssihle  in  others. 

r>y  retcrrin;;  to  the  dniwintps  it  will  Ih'  readilv  understiKxl  that 
when  the  rests  are  adjusted  to  any  jjiven  hei<j:ht  the  fetnlin;;  of  the  Isir 
will  he  tiniform  and  constant,  ami  therefore  the  oidy  na'th«K|  of  iiu-rejus- 
inj;  and  decrcasintj:  the  frictional  action  ii|)on  the  surface  of  the  metal 
will  he  hy  ri'^uhitimr  the  pressure  as  m-ca-ion  may  reipiire.  The 
greater  the  friction  the  ;;reater  will  Ik-  the  ti-active  fonv  which  tend.-* 
to  draw  or  film  the  surtace  of  the  metal.  The  ahility  «»t  the  metal  to 
rc.-ist  this  ilrawinj;  force  depend-  upon  the  attraction  or  (xtJifMioi:  of 
its  particles.  This  varies  in  ditleri'ut  metals  and  in  the  .sime  metaU 
at  ditVerent  tempenitures,  U-iu};  greatest  at  tlie  lowest  and  leiust  at  the 
highest  temperature  :  and  in  iron  and  steel  it  de)>uids  greatly  u|Miii 
the  amoiuit  of  carhon  in  condtination  w  ith  the  nictal.  Now,  it  i.-  evi- 
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dent  that  when  the  bar  is  put  into  the  machine  its  temperature  will  be 
gradually  raised  by  the  frictional  action  at  each  successive  pass,  and 
therefore  become  less  and  less  able  to  resist  the  tractive  force,  and  that 
as  its  temperature  increases  the  metal  will  gradually  expand  in  diame- 
ter, so  that  if  all  the  faces  are  previously  a(]justed  to  exactly  the  same 
distance  apart,  not  only  will  the  metal  become  less  able  to  resist  the 
tractive  or  drawing  force,  but  the  increased  temperature  of  the  metals 
will,  by  causing  such  expansion,  develop  more  pressure  and  frictional 
tractive  force,  so  that  the  metal  will  then  be  very  liable  to  draw  or 
scab.  The  disk-faces  should  therefore  be  so  adjusted  as  to  bring  the 
greatest  pressure  at  the  first  pass  and  to  apply  a  little  less  at  each  suc- 
cessive pass  until  the  burnished  bar  is  completed. 

In  conducting  the  operation  the  object  is  to  secure  sufficient  pressure 
to  compress  the  inequalities  and  to  develop  enough  frictional  or 
tractive  force  to  overcome  the  attraction  of  cohesion  of  the  particles 
composing  the  scale  on  the  surface  of  the  metal,  yet  not  enough  to 
overcome  the  force  of  cohesion  of  the  particles  which  will  then  form 
the  surface  of  the  metal  itself.  If  the  metal  has  a  great  force  of 
cohesion  and  does  not  possess  a  tough,  tenacious  scale,  this  may  be 
readily  effected ;  but  where  the  conditions  are  opposite  great  care  nuist 
be  had  and  a  constant  watch  kept  for  signs  of  filming.  There- 
fore, as  it  is  imperatively  necessary  that  certain  degrees  only  of 
pressure,  frictional  action  and  tractive  force  be  applied  or  developed 
upon  the  surface  of  the  metal,  it  is  necessary,  first,  that  the  metal 
should  have  been  previously  rolled  to  an  exact  or  uniform  gauge, 
so  that  when  burnishing  an  undue  amount  of  pressure  may  not  be 
developed  upon  its  surface  at  any  point;  secondly,  as  the  ability  of 
the  metal  to  resist  the  tractive  force  is  less  when  at  high  tempera- 
tures, it  should  be  operated  upon  when  in  a  cold  state,  or  at  a  temper- 
ature not  exceeding  500°F. 

The  machine  being  in  condition,  having  its  working-faces  trued  and 
polished,  and  the  metal  having  been  properly  prepared  by  rolling  to 
an  exact  gauge,  a  test-bar  may  be  entered  and  the  working-faces 
gradually  tightened  up  after  each  pass  until  a  point  is  reached  at 
which  the  films  begin  to  show  upon  its  surface.  This  is  an  indication 
that  the  pressure  is  too  great,  and  the  tightening-screws  should  be 
relieved  a  little  and  the  test-bar  again  entered,  a  careful  watch  being  kept 
for  further  filming.  If  none  aj)pears  the  machine  is  properly  adjusted 
for   that  sized  bar;  but  if  films   still  continue  to  form,  the  pressure 
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must  be  furtlu'r  <lorr<'a.s<'<l  until  :i  |»<»iiit  i>  n'a<lnil  at  wliicli  n<>  films 
arc  fnriiK'd.  It  is  not  ncccssarv,  however,  that  the  luachine  shoiihl 
always  he  adjusted  in  the  manner  just  (h.'scrihed.  a.-;  hiirnislM.Hl  hars 
may  he  sometimes  prodiieed,  althoii'^h  a  verv  lij^lit  pressure  is  ii!?ed, 
as,  for  insLiinee,  where  the  seal*-  upon  the  metal  is  not  tenacious  and 
the  surface  ot'  th(.'  mctiil  is  very  smooth  ;  hut  in  all  luscs  the  pressure 
will  he  lij^ht  in  (comparison  with  that  which  is  rwpiired  lor  rolliiijr 
and  extremely  lijrhl  when  com|)ared  with  that  reqnire<l  for  eold-roll- 
in<:;.  I  am  iiiiahlc  to  ^ive  the  require<l  decree  which  will  l>e  neeessjirv 
in  all  cases,  jls  1  find  that  the  pressure  varies  upon  any  <riven  point, 
acectrdinj;  to  the  difference  in  the  diametei's  of  the  hars  operatMi 
upon,  the  lari;;er  diami-ter-  l)urni>hinix  under  heavier  pres.-^ure  than 
the  smaller  ;  and,  moreover,  the  pressure;  upon  anv  i^iven  point  mav 
vary  aeeordinjrly  :ls  the  width  of"  the  hurnishin<r-faci-^  u~ed  vari«'S. 
The  wider  the  <lisk-faees  the  greater  will  l>e  the  amount  of  fric- 
liiuial  a<tiou  and  tractive  force  upon  any  ^iven  pait  of  the  har  in 
any  given  time,  and  conscfpiently  the  less  must  Im^  the  pnssure. 
The  converse  of  the  pro|)(»sition  is  also  true,  viz.,  the  narrower  the 
disU-fa<'es  the  le>s  the  frictional  action  and  the  greater  the  pressure 
atlmissihle  ;  hut  the  working- faces  must  never  he  made  verv  narrow, 
as  in  such  case  so  great  a  prosiu'e  would  l)e  re«piire<l  to  <levelop 
the  frictional  action  which  i>  necessarv  that  the  o|H.'ration  would  he 
entirely  change<l  and  cause  a  r«Mluction  of  the  rjjctal  and  disphu-e- 
ment  of  its  particles,  as  in  rolling.  Finally.  I  find  that  the  pres- 
-ui-e  may  vary  Xxith  the  dilferent  tem|)er:»ture>  and  natiu'es  of  the 
metal  t»pcrated  upon.  Therefore  no  prtn-ise  ruh-  ("an  1m'  adhenMl  to 
for  all  cases,  except,  first,  to  have  all  sttK-k  previouslv  rolle<|  to 
a  uniform  gauge;  secondly,  to  have  all  the  hurnishiuix-taces  turnetl 
])ert"ectly  true  with  a  high  polish  ;  thirdly,  to  have  the  hurni'^hing- 
faces  <'onstructe(l  of"  sufli<Ment  width  to  develop  a  sufficient  amount 
of  frictional  action  when  a  light  |)ri'ssure  is  applie<l.  Then  f'ec<l  the 
har  at  a  pi'oper  tem|»erature  and  a|)ply  the  pressure  from  an  ••xjtfMl- 
ingly  light  one  to  the  highe>t  the  metal  will  stand  without  filming. 

The  machine  heing  in  tiie  comlition  sp<H-ifieil  and  a«liu»t«H|  a-^  s|H>ei- 
lieil,  rough  hars  of  metal  in  a  <old  state  aiv  ins«>rte«l.  one  at  a  titno. 
between  the  receiving-disks.  They  are  caught,  rotatol  nipitllv  and 
drawn  forward,  travi-ling  forward  with  a  spetsl  of'  from  one  to  -iixtv 
feet  per  minute,  accordimr  to  the  si/.e  of  the  bar,  height  of  the 
rest>  and  >peed   at    whi<'h   the  diNk"    rotate,  ami    are    ilelivennl    jK*r- 
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fectly  stniijjht,  of  a  true  cylindrical  form  and  highly  burnished.  In 
some  cases,  however,  when  the  bars  are  of  a  large  diameter  and  are 
covered  with  a  tough,  tenacious  scale,  additional  passes  may  be  required 
to  accomplish  this  result. 

When  burnishing  cold  metallic  bars,  I  prefer  to  place  narrow  pans, 
containing  petroleum  or  other  oil,  beneath  the  second  and  third  pair 
of  disks.  These  pans  are  of  sufficient  size  to  contain  the  required 
quantity  of  oil  and  are  shaped  so  as  to  form  a  sheath  or  trough,  in 
wdiich  the  lower  portions  of  the  disks  revolve.  The  effect  of  the 
application  of  the  oil  is  to  prevent  the  working-faces  of  the  disks 
from  scratching  and  marring,  and  it  also  has  a  certain  effect  upon  the 
finished  product,  of  which  I  shall  speak  hereafter. 

When  it  is  designed  to  straighten  and  burnish  metal  directly  as  it 
comes  from  the  rolls  during  its  manufacture,  the  process  should  be 
the  same  as  before  specified,  except  that  the  metal  should  be  allowed 
to  cool  to  a  dark  red  heat  and  a  considerable  quantity  of  water  should 
be  let  upon  the  first  set  of  disks  and  u[)on  the  bar,  to  reduce  the 
temperature  of  the  metal  to  the  proper  degree,  so  that  in  its  rapid 
contraction  the  scale  will  be  loosened.  A  steam  or  air  blast  should 
be  used  to  carry  the  scale  away,  and  the  first  and  second  set  of 
disks  will  then  readily  remove  any  portion  of  scale  which  may  still 
adhere  to  the  bar.  The  metal  will  then  pass  from  the  first  to  the 
second  set  of  disks,  thoroughly  cleaned  and  partially  burnished  and 
the  second  and  third  pair  of  disks  will,  by  the  frictional  action, 
which  also  burnishes,  heat  the  surface  of  the  bar.  Consequently, 
the  lighter  components  of  the  oil  will  be  vaporized,  leaving  the  bar 
coated  with  carbonaceous  matter,  which  is  apparently  forced  into  the 
pores  of  the  metal  by  the  action  of  the  disks,  and  the  bar,  when 
burnished,  is  found  to  have  a  much  finer  appearance  than  if  it  had 
been  burnished  without  the  oil,  and  it  is  also  enabled  to  resist  oxida- 
tion to  a  greater  degree. 

For  the  purpose  of  illustrating  the  frictional  action  which  may  be 
obtained  by  the  employment  of  disk-rolls,  I  will  again  refer  to  the 
drawings,  in  which  Fig.  3  represents  a  top  view  and  Fig.  4  is  a 
diagram  of  a  set  of  disk-rolls,  the  latter  showing  the  back  of  a 
sixteen-inch  and  the  working-face  of  a  fourteen-inch  disk.  F  indi- 
cates the  concave  portion  of  the  disk-faces,  which  is  five  inches  in 
diamater  in  the  fourteen-  and  seven  inches  in  diameter  in  the  six- 
teen-inch disk,     z  indicates  the  inner  lines  or  edges  of  the  working- 
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faces;  z  tlic  in-iitnil  liinv<,  <>r  tlu»s«-  |Mirtioiis  of  the  disks  at  wliirh 
tlifir  rate  <»f  s|»»m|  wIhii  working  is  «Mjiial  to  tlie  surface  spee*!  <»f 
the  l)!ir  ill  rotatiii):!; ;  ami  y  the  out«,'r  (nlge-s  or  line?*  of  the  work- 
ing-faces of  the  disks  at  their  |)cri|»h«ri«'s.  It  is  well  undcrsto<j»l 
that  the  <liHiTcnt  |Mirti<)ns  <»t'  the  disk-faces  travel  at  ditferent  rates 
of  surface  s|M,'ed,  aeconling  to  their  j)ositi<»ii  with  relation  to  the  disk- 
centres. 

When  a  cylindrical  har  i-  \\n\  into  the  disks  it  will  rotate,  and, 
all  |>ortions  of  the  surface  of  the  har  l)eing  at  tJie  same  distanj-e 
Iroiu  the  axis  or  centre,  will  travel  at  the  same  surfac*-  rate  of 
speed,  and  lus  the  working-fact-s  of  the  disks  tnivel.  having  ditleren- 
tial  rates  of  surface  speetl,  lus  iM'fore  stilted,  great  frictional  action 
is  phkIuccmI  on  the  working-surface  of  the  <lisks  and  the  surfat-*'  of 
the  bar;  or,  in  other  word<,  this  ri*>ult  follows  heeiuise  the  surta^-e 
speed  of  tiie  har  and  <lisk-faoes  is  the  same  only  on  the  theoretic:d 
or  neutral  lines  indi<ate<l  hy  the  letter  r.  the  disk-faces  traveling 
at  a  gradually  increasing  speed  from  the  nentnd  line  to  the  j>eriph- 
<*ri<'s  and  at  a  gradually  de<-rejLsing  speed  from  the  nentnd  line  to 
the  iniur  liiie-^  ot'  the  working-fad's  of  the  disks.  It",  therefon-,  a3 
in  ordinary  |>ra<tice.  the  working-faces  of  the  disk-  are  four  inehe* 
in  width  from  the  outer  to  the  inner  e<lges  of  the  working-fac-i-s, 
(he  area  of'  the  small  di-k  will  he  I  I 'if^lf (v  S4juare  iMeh<<.  and  that 
4)f  the  larg«'  disk  l-'J'^  fo-()'i  •"l"*"*''  '"'hes,  thus  making  a  total  anii 
of  251fYo''o  "^<|"!"c  in«hes  of  frictional  surface'  whidi  -^lip^  or  rul»- 
4n'er  the  surface  of  the  har  at  eaeh  revolutitm  of  the  di<k-. 

Ill  addition  to  the  frictional  action  of  the  ilisk  then*  i-  that  of 
the  re-sts.  A  har  oiu-  and  «»ne-eighth  inehes  in  diameter  will  rotate 
(the  rests  heing  at  the  proper  heio;ht)  eight  times  to  raeh  re\olu- 
tion  of  the  di-k>  and  teed  torwaril  ai>out  two  ine|u-s  to  raeh  revo- 
lution of  the  <lisks,  or  one-<pjarter  of  an  inch  to  (-ach  n'vohition 
around  its  own  axis.  The  length  ot*  the  rt^t's  working— urfa«v  i- 
usually  al)out  five  inches,  so  that  the  har  will  revolve  twiiitv  tinu-- 
over  the  polisluHl  surface  of  the  rest  <iuring  the  time  anv  given 
jHirtion  of  it  passes  from  one  end  to  another  of  the  rest,  and  the 
rest  acts  the  s;ime  jl>  if  the  har  were  rotattnl  in  a  lathe  and  a  l)urni>h- 
ing-to<»l  presse*!  :ig:iinst  it  with  the  same  tlegree  of  force  during  twentv 
revolutions  around  its  a.\i>.  Finally,  there  is  the  frictional  action 
which  arises  tVom  the  forwanl  m«»vement  of  the  har  over  the  Iturni.oji- 
ing-<lisks  and  resti!. 
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One  of  the  eifeets  produced  by  tlie  frictional  action  to  which  I 
have  referred,  or  by  the  action  of  the  heat  developed  by  the  friction,, 
is  to  gradually  expand  the  metal  during  the  burnishing  operation,  so 
that  as  the  bar  travels  forward  the  pressure  will  become  augmented^ 
unless  the  tightening-screws  are  adjusted  lighter  for  tlie  latter  passes ; 
and  I  have  found  that,  when  they  are  properly  adjusted,  the  metal 
will  in  some  cases  retain  permanently  its  increased  diameter,  which  I 
have  found  in  all  cases  to  indicate  a  slightly  decreased  tensile  strength, 
elastic  limit  and  a  greatly  increased  ductility  in  the  metal.  When, 
however,  the  tightening-screws  were  adjusted  so  as  to  compel  the 
bar  to  retain  its  original  diameter,  I  have  found  the  elastic  limit  and 
ductility  are  the  same  as  in  the  original  state,  and  that  the  tensile 
strength  remains  almost  the  same  as  in  the  original  state  previous  to 
the  operation. 

The  following  record  of  tests  made  by  tension  shows  clearly  the 
changes  which  are  effected  in  the  physical  nature  of  the  metal  by  the 
process : 
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N»i>.  loI«,  10"  :iii<l  I'il  wcH'  ciit  troiii  tin- .siinc  Icir  of  <t«-«*l.  No. 
459  Wits  cut  IVoin  \\u-  iou;;li  <*ii<l,  whicli  was  in  the  sim<*  ctnnlition 
{18  it  caino  j'roiii  tlic  lolliiijr-inill.  Nos,  4<J()  and  M'A  wen-  liri;;lit, 
and  were  cut  from  tin-  «'M<I  that  had  Ik'^mi  Iturnish'-^l.  No.  401>  l>roke 
just  ahovf  the  top  ciiiirc  |»iiMc!i-iMark.  .\o.  4<><*  lu-okt-  Ix'twwn 
the  |>oints  of  nita>iii<'iiii'iit.  No.  1<»1  hrok*-  at  th<-  top  rt-ntn-  puiirli- 
niark. 

Nos.  l<)2,  JtJo  aii<l  l<i  J  were  cut  fVoni  one  liar  of  stwl,  taich  end  «»f 
which  had  heen  hurnishcd.  No.  4(14  w:l-  cut  from  th«'  mi<hlh'  of  the 
har,  whicli  was  rouj;h  as  it  c:imc  from  the  rollinj;-niill.  No.  4»)2  w:L«i 
cut  from  one  end,  and  No.  4<)."i  from  the  other  end,  l)oth  of  which  ha«l 
hccu  l)urnislic<l.  No.  Id'J  l»roke  one  and  one-half  inch«>  aUive  the  to{) 
<vntrc  |>unch-mark.  No.  ■\iV.\  hroke  one-half  inch  Im-1ow  tlie  top  «vn- 
tre  punch-mark.  No.  ill}  hroke  <»ne  inch  ahove  the  t"j»  ct-ntre  punch- 
mark.  No.  |ii_'  did  not  hreak  at  it>  smallest  dianieter,  which  wsts 
midwav  luitweeu  the  points  of  measurements. 

All  the  chancres  or  phenomena  which  prex-nt  them~<-lvc.^  in  the 
finished  pivnluct  show  that  the  (»|K'ration  to  which  it  has  lufu  suh- 
jected  endxHlies  some  |)rinciph'  which  has  never  liefore  shown  its  ertects 
in  the  prinluct  of  any  rolling,  hammerinir  or  compn'ssinir  ojKTation, 
nor  in  the  product  of"  anv  l>in'ni<liin<;,  l»rii;htenin;;  or  jMilishin^  ojM-ni- 
tiou  known  heretofore  to  the  art  of"  metallurirv.  For  instance,  that 
indicated  l>y  the  |M,'rmanent  im-rease  in  tin*  iliameter  of  the  metal, 
altlioUj;h  at  the  time  it  is  confined  U-twcen  parallel  >urfacfs  and  umler- 
prc>sin"t',  the  operation  Wein^  c<.nduct«tl  su  that  the  heat  deveIo|)e*l 
tlcK's  not  generally  ex<ve<l  2.")()  Fahrenheit,  which  would  not  he  suffi- 
cient, no  matt<'r  how  lon«;  contiiMUHJ,  to  anneal  or  ductilize  Im':ivv  c«>ld 
bars  of  steel  l>y  any  known  jiriM-ess, 

\\  hen  .steel  is  re<|uire«l  for  structural  ptirp(»sc>.  it  inu>t  U-  able 
to  resist  c(»ncussion.  sudden  >h<M'ks,  rapitl  vihniti«»n  and  detlecti<»n, 
and  j;ive  due  warning,  hefore  final  rupture  tak^-s  phuf.  I»v  elonjrjit- 
ing  within  certain  de^rti***.  C'ou.sequently,  hen't«>fore.  the  ste<d  hjis 
heen  made  low  in  c:irl>on  to  sc«'ure  tlie  nH|uintl  iluctilitv,  and  then-- 
fore  possess«H|  a  low  ten>il«'  strenj;th.  The  steel  is  anne:de<l  at'ter 
its  manufacture,  to  lirin«;  it  hack  to  its  normal  condition,  and  destroy 
in  a  mi-asure  the  etlin'ts  phmIikihI  in  its  physi<'jd  structUR'  hy  the  «»nli- 
nary  rolling  operation,  sin«v  all  rolling,  hammering  and  «lrawing  h-:ive 
the  physi».«al  structure  of  tlie  metal  in  an  al>n«>nnal    citndition.  pntiluo- 


216  Burnishing  and  Ductilizing  Steel.     [Jour.  Frank.  Inst., 

ing  hardness,  brittleness  and  liability  to  rupture  from  concussion, 
v'ibration  or  rapid  deflection. 

Annealing  steel  reduces  its  ability  to  resist  tensile,  compressive 
and  torsional  strain,  as  well  as  its  elastic  limit,  and  increases  its 
elongation  or  ductility.  It  is  a  slow  operation,  lasting  generally 
from  five  to  twenty-four  hours,  and  leaves  the  metal  covered  with  scale. 
By  my  process  the  ductility  of  the  metal  may  be  greatly  increased 
without  the  formation  of  a  scale  upon  its  surface,  and  in  a  very  rapid 
manner.  In  comparing  it  with  ordinary  annealing  operations  the  fol- 
lowing facts  become  apparent : 

First.  As  the  metal  is  previously  rolled  to  an  exact  size,  and  tiie 
disk-faces  are  adjusted  to  exert  exactly  the  same  degree  of  pressure 
and  frictional  action  upon  all  parts  of  the  bar,  the  ductility  of  the 
metal  should  be  constant  and  uniform  at  all  points,  whereas  in  anneal- 
ing the  temperature  of  the  furnace  varies  at  different  parts,  conse- 
quently tlie  metal  cannot  be  uniformly  annealed. 

Second.  As  the  bars  are  all  of  the  same  size  previous  to  the  burn- 
ishing operations,  the  same  degree  of  ductilizing  action  should  be  had 
upon  each,  and  consequently  they  should  all  be  regularly  ductilized, 
whereas  in  annealing,  the  process  is  not  automatic,  and  the  bars  are 
charged  and  drawn  by  hand,  so  that  they  are  exposed  to  hout  for  irreg- 
ular periods  of  time. 

Third.  The  ductilizing  effect  is  produced  by  this  process  at  a  heat 
never  exceeding  500°  Fahrenheit,  and  this  is  too  low  to  deprive  the 
bar  of  carbon  ;  or,  if  it  does  so  to  any  extent,  it  does  it  unifonuly, 
whereas  in  annealing  the  bar  loses  considerable  carbon,  and  loses  it 
unequally,  so  that  not  only  is  the  tensile  strength  reduced  consider- 
ably, but  it  varies  at  different  points  of  the  bar. 

Fourth.  As  the  ductilizing  of  the  metal  is  constant  and  uniform, 
its  internal  strains  should  be  regularly  and  uniformly  relieved, 
whereas  in  annealing  the  temperature  always  varies  in  different 
parts  of  the  bar;  hence  its  internal  strains  should  be  irregularly 
relieved. 

Fifth.  As  the  temperature  in  this  process  is  very  low  and  uniform 
upon  all  parts  of  the  bar  it  remains  perfectly  straight  in  cooling, 
whereas  in  annealing  the  high  and  uneven  temperature  of  the  metal 
causes  it  to  warp  and  become  distorted  in  cooling. 

Sixth.  By  my  process  I  am  enabled  to  ductilize  metal  at  the  rate  of 
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one  foot  per  second  to  one  toot  per  niiiiute,  \vliere:i.s  annejilinj^  opfni- 
tions  require  scvenil  hours  or  days  for  tlieir  completion. 

Tliis  process  will  l)c  found  to  he  peculiarly  ada|)tcd  to  the  pro<luc- 
tion  of  steel  sliaftin<r,  piston  rods,  and  also  for  very  lii;ht  work,  such 
as  hurnished  steel  for  pivots  for  watches  and  docks,  et<'.,  in  whi<h 
Jatter  ciuse  it  is  evident  that  tin,'  niechanisin  cinploycd  must  !>•■  of  a 
reduced  size  suitable  for  the  work  to  he  accomjilished. 

Comparing  the  mechanical  effect  of  this  process  with  otlnr  w<ll- 
known  j)roceases,  the  difference  is  very  marked.  W'rouirht  iron  pos- 
sessing a  tensile  strength  of  ')0,()()()  pounds  jxr  npiarc  inch,  and 
an  ehustic  limit  of  .'?(),()()()  pounds  per  square  inch,  and  cxhihiting  an 
elongation  of  2o  j)cr  <'ent.,  will,  when  coM-roHcd  l»y  the  Lauili  |tro- 
cess,  possess  a  tensile  strength  of  (JS, ♦;()()  pounds,  and  an  ela<ti<-  limit 
of  50,f)0()  p(»unds,  hut  the  du<'tilitv  is  rediic(>d  to  an  elongation  of 
<)  per  cent.  When  such  cold-rolled  iron  is  amiealed  it  i>  found  to 
possess  a  tensile  strength  of  ISjOO  |>oiiiids,  an  elasti<'  limit  of  ."I'J.fMio, 
and  an  elongation  of  1  o  yvv  cfnt. 

I'rotes-sor  R.  II.  rinii-ton,  in  lii>  |t:ipei-  oii  "  Mechanical  rreatiiient 
of  Metids,"*  said  :  "  .Ml  known  and  actii;ill\-  practiced  iniih(M|>  of  so 
altering  the  character  ot"  the  metals  used  hv  tlu'  enjj^ineer,  involve, 
<lii"ectlv  or  indirectiv,  the  elevation  of  the  original  elastic  limit  of  tlie 
mateiMal."  In  this  piurc-^,  however,  tin-  clastit-  limit  is  slightlv 
reduce<l. 

In  conclnsi,oi)  1  would  add,  that  the  phenomena  e.xhiliited  in  this 
process  invite  further  research  into  the  laws  of  molecular  physics. 
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most  importiint  I'lcirfli  liglitli«>ii>e>  have  aliiadv  luen  provi«leil  with 
very  powerful  electric  a|)paratus  and  with  machinery  for  f'urnishin-r 
.soniid  signals  tlnring  stormy  or  misiv  weather.  It  is  proposetl  to 
ap|>ly  similar  a|)parains  to  the  forty-two  other.>.  The  total  c<»si  is 
e.stimated  at  7,(H )(>,()()(>  trancs  (.S1,4(M),(KK>)  for  the  electri«-ity,  and 
1,0(H),()()()  francs  (^$'J(M),(KX))  for  the  fog  ht>rns.  This  e.\|)en«liture  is 
very  light  in  view  of  the  protection  which  it  will  afford  to  the 
immen.se  capital  representetl  l>y  the  'J'Jo.OOO  >hips  whi«-h  annuallv  visit 
the  l''reiich  liarl»or>.      Lfx  Mondrs.  ('. 

*  MrlaUiinjical  llt-rinr,  vol.  i,  |)!u;o  1. 
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INDUSTRIAL  P:DUCATI0N  FROM  A  BUSINESS  STAND- 
POINT. 


By   John    S.   Clark. 

An   Address  delivered   before  the  Philadelpliia  Board  of  Trade  and   the 
Franklin  Institute,  .Tune  6th,  1881.     Witli  additions  by  the  author. 


If  I  were  to  come  before  your  Board  of  Trade  witli  a  statement 
that  there  had  been  discovered  within  ca.sy  acce.ss  of  Philadelphia 
a  bed  of  iron  ore,  of  vast  extent,  and  of  a  quality  far  superior  to  any 
known  deposit,  if  I  could  support  this  statement  by  the  testimony  of 
eminent  mining  engineers,  if  I  should  submit  to  you  samples  of  iron 
and  steel  manufactured  from  tliis  ore,  and  should  produce  vouchers 
from  experts  as  to  their  superior  excellence ;  and  if  I  .should  further 
announce  that  the  Baldwin  Locomotive  Works  and  the  Phoenix  Iron 
Works  were  ready  to  accept  the  product  of  this  ore  for  their  supplies^ 
— I  think  there  is  very  little  doubt  but  that  sufficient  capital  could  be 
found  here  in  Philadelphia  to  develop  the  enterprise.  In  accepting 
your  invitation  to  speak  before  your  Board  of  Trade  this  evening,  I 
desire  to  present  a  subject  of  far  greater  importance  to  the  material 
interests  of  this  city  and  State  than  all  the  mineral  wealth  of  the  dis- 
trict;  and  if  I  cannot  justify  liberal  expenditures  in  promoting  it  on 
grounds  as  substantial,  tangible  and  practical  as  can  be  urged  for 
investment  in  any  of  the  mining  enterprises  of  the  State,  I  shall  have 
entirely  failed  in  my  argument. 

Before  entering  into  the  details  of  the  discussion  I  wish  to  say 
a  word  or  two  in  explanation  of  tlie  term  value,  a  term  which  I 
shall  have  frequent  occasion  to  use.  In  a  (foramercial  sense,  value 
means  the  price  or  worth  of  the  thing  bought  or  sold ;  in  eco- 
nomic science — setting  aside  for  the  time  being  any  discussion  of 
the  effect  of  supply  and  demand  upon  value — the  value  of  an 
article  may  be  said  to  depend  upon  the  original  value  of  the  raw  mate- 
rial and  the  value  of  the  labor  which  has  been  expended  upon  it. 
And,  further,  the  original  value  of  the  raw  material  is  usually  so 
slight  that  we  may  say,  speaking  broadly,  that  any  particular  value 
set  upon  an  article,  such  as  $1  or  $10,  means  that  an  equivalent 
amount  of  liuman  labor  has  been,  as  it  were,  detached  from  the  indi- 
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\'i(lii:il,  coiicrf'trd  :in<l  |iiit  into  (l<liriitf  AvA\Ht  for  cxcliaii^^eahle  pur- 
pOHes.  One  stej)  liirther  :  liuiiiaii  lalxtr  is  but  tli<'  ex|>rcs.si(»ii  oOiutnan 
t}ioii<rht.  From  tlic  rudest  kind  ot"  labor — labor  wliieli  expresses 
liardiv  more  than  the  foi-ee  of  mere  animal  pusji  or  pull — to  the  labor 
of  llie  desif^ner,  the  artist  or  thr  poet,  all  is  but  the  exprc-vsion  of  that 
wonderful  human  fon-c  which  we  call  tlioUi;ht.  Thus  mu<-li  beinj; 
true,  we  rea<-h  the  conclusion  that  human  tli<»uj;ht,  as  cxprcs>e<l  by 
human  labor,  ecnistitutcs  the  princi|)al  fa<-tor  in  all  values.  As  the  full 
diKeti.ssiou  of  this  stat(  inent  will  lca<l  u>  t<».some  imp<»rtant  e<luc:itional, 
oomnier(;ial,  and  ]>olitieaI  considerations,  J  de.<ire  to  make  the  point 
perfectly  clear,  and  therefore  invite  your  attenti<»n  to  a  few  illiistra- 
tiori>  of  the  maimer  in  which  thou<:;ht  creates  values. 

i  hold  in  my  han<l  a  piece  of  steel.  Its  value  i.s  perhaps  five  cents. 
As  yet  it  may  be  said  to  represent  hardly  UKtre  than  so  much  raw 
material.  hi  llii-  h.iml  1  hold  another  piece  of  steel,  of  a  -imilar 
<{ualily,  but  h'ss  in  (piantity,  and  yet  this  latter  has  a  value  i»f  twenty 
tlollars.  What  make>  this  dilferenee  in  value.'  Simply  tlii-,  that 
hmnan  iliouixht  \\x\>  been  playing,  as  it  were,  al)out  thi-  latter  pitn-e  of 
steel,  anti  has  made  it  the  basis  upon  which  it  has  c<mcreted  it.-««'lt",  so 
that  we  lia\i'  an  in>trument  of  <rreat  practical  use,  a  mi<'rometcr  cali- 
per maiidy  the  product  of  thou<:;ht  as  expresseti  by  skilhnl  labor. 
Take  this  cop|>er  lamp.  1  lere,  a;^ain,  we  have  perhap.-  l*'U  cents' 
worth  of  raw  material,  carryiiej:  a  value  of  five  tlollars,  four  dollars 
and  ninety  cents  of  which  cx[)re.s.ses  the  value  which  has  been  creat«'d 
bv  thought  or  skille<l  labor.  In  this  porcelain  vase  oKsorvc  how  an 
insi«;nilicant  value  of  raw  material  is  nuuie  to  c:irrv  a  still  greater 
vahie,  create*!  by  thoUi;ht.  In  this  instance,  we  have  a  few  (vnts 
worth  of  elay  transformed  by  skilletl  labor  into  a  work  of  art,  an«l 
carrying;  a  value  of  over  fitty  dollars.  Apiin,  in  these  pieces  of  cot- 
ton ^(KhIs,  and  in  the.se  Hamburj;  e<li;injxs,  we  have  a  few  cents'  worth 
of  raw  material,  cotton,  c-arryiiiLj  values,  ereate<l  by  skilhtl  lalntr,  a 
thousand  told  <;rcater  than  tlu-  value  ot  the  raw  material  itselt".  It" 
we  examine  industrial  |>rtKlucts  in  any  department,  we  tind  the  sime 
condition  of  thin*rs  holds  true  that  the  main  value  in  the  things 
made  is  the  pro<luct  ot'  human  thoiiLrht. 

As  an  extreme  illustnition  of  the  great  value  ot"  thought  which  iron 
aud  steel  can  <'onvey  let  me  (piote  the  following  «"jdculation  made  by 
Dr.  (ieorgt*  Wmxls.  ot"  Pittsburg: 

Seventy-live  cent>'  worth  ot"  iron  ore  mav  U-  maile  int«>: 
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Bar  iron,  worth       .  .  .  $5  00 

Horse  shoes,  worth  .  .  10  50 

Table  knives,  worth  .  .  180  00 

Fine  needles,  worth  .  .  6,800  00 

Shirt  buttons,  worth  .  .        29,480  00 

Watch  springs,  worth      .  .  200,000  00 

Hair  sprins,  worth  .  .      400,000  00 

Pallet  arbors,  worth       .  .  2,577,595  00 

It  is  also  to  be  noted  in  this  connection  that  thought  has  made  itself 
felt  in  commerce  in  the  production  of  articles  of  beauty  as  well  as  of 
use.  This  vase,  whose  absolute  utility  is  no  greater  than  that  of  a 
common  earthenware  pitcher,  is  rated  in  ihe  market  at  a  value  many 
times  that  of  a  vase  of  ordinary  form  and  color — and  the  value  of 
beauty,  which  thought  has  created  here,  is  just  as  important,  commer- 
cially, in  these  days  of  our  higher  and  more  exacting  civilization,  as 
the  value  of  use  which  thought  has  perfected  in  this  micrometer  cali- 
per. We  reach  the  conclusion,  therefore,  that  in  industrial  articles, 
whether  they  be  for  use  or  for  beauty,  it  is  the  value  of  the  thought 
expended  upon  them  which  principally  determines  their  commercial 
value.  And  if  we  extend  our  observations,  we  see  that  this  state  of 
things  holds  true  all  about  us.  The  room  in  which  we  are  assembled, 
the  building  of  which  it  forms  a  part,  the  contents  of  this  building — 
what  has  given  to  them  the  value  which  they  represent?  Certainly 
not  the  raw  materials  of  which  they  are  composed  ;  rather  it  is  the 
thought  which  the  raw  materials  are  carrying.  Step  out  into  your 
streets,  observe  the  contents  of  your  warehouses  and  your  stores.  You 
find  thought  expressed  in  finished  products,  and  you  find  also  food 
and  materials  on  their  way  to  serve  as  a  supply  to  this  thought 
as  it  labors  in  the  expression  of  its  ultimate  pui'pose.  Look 
further.  In  your  machinery  and  wonderful  mechanical  contrivances 
you  have  this  same  human  thought  attaching  itself  to  the  elemental 
forces  of  the  universe,  and  subduing  steam,  electricity,  magnetism,  to 
the  common  service  of  man.  Xow,  it  is  human  thought  acting 
through  human  labor,  and  vivifying  it  with  various  degrees  of  intelli- 
gence and  skill,  that  is  accomplishing  these  myriad  works,  and  creating 
these  myriad  values. 

With  these  illustrations  before  us,  and  with  tliis  survey  of  objects 
which  surround  our  daily  lives,  we  must  see  plainly  that  there  are  two 
factors  which   enter  into  whatever  is  produced  by  human  hands — raw 
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materials  aii<l  tlic  tliou<;lit  \\lii<li  luu?  made  us*-  of  these  raw  materials. 
And  we  see,  further,  that  of  thes*.*  two  factors,  tiioiiglit  is  bv  far  the 
more  important,  material  l)eiii«r  simply  the  loiiiulatioii,  or  the  iKt-i.-, 
upon  which  thoujrht  di.->j)lays  itself.  Jiearinu;  th«*se  farts  in  mind,  if 
we  look  at  the  enormous  industrial  forces  wiiich  are  ^atherinj;  in  Kn*^- 
land,  France  and  the  l'nite<l  States,  and  observe  how  human  th<»ui;ht 
is  displayin<j:  itself  in  these  activities,  we  may,  jierhaps,  re:ilize  sonje- 
thing  of  the  commercial  chanjjes  which  are  t;ikin(r  place  alxiut  us,  and 
of  the  more  important  ones  which  are  impcndint;  in  the  near  future; 
and  we  may  rejich  some  apjirwiation  of  what  thouj^ht  really  m<.'i»ns  as 
an  article  of  comtnerce,  and  of  the  ett'eet  which  the  development  of 
human  thought  in  industrial  dirt'ctions  is  likely  t<»  pnKluce,  mor:illv, 
socially  and  politically. 

Take  Knirland,  for  example.  'I'he  careful  >tudent  <»f  mtK|«  in  Kni;- 
lish  history  must  look  to  tlie  tr.ide  and  commerce  of  Great  iiritain  for 
the  true  explanati<tn  of  the  great  political  (picstions  which  n<>w  agitate 
the  English  pe(»ple  ;  indeed,  the  Irish  question,  and  the  still  greater 
(piestion  of  land  tenure  in  England,  which  lies  liehintl  it,  are  matter> 
which  will  ultimately  U-  adjusteil  by  tin*  ci»mmerce  of  Great  Hritain, 
and  it  is  the  industrial  <'lement  in  this  c<>mmer<*e  upon  which  thcuther 
elements  mainlv  depend.  England  will  be  able  t«»  hold  her  own  an<l 
to  overcome  the  iiiaiiv  lorce>  which  are  now  setting  ag:iin»t  her  oujv 
so  long  as  she  can  maintain  the  industrial  supremacv  which  she  ha«% 
secured  by  selling  the  thought  of  her  |)eo|)le.  W  hen  her  manufacture:* 
fail,  she  will  fail  irretrievably  in  her  commerce,  anil  many  of  Jut 
institutions  will  share  in  that  ruin. 

Although  England  is  perhaps  the  most  striking  example  of  national 
dependence  upon  the  c(»ncreti»»n  of  human  tlumght,  we  find  it  to  Ik' 
true  in  all  civilized  countries  i>f  the  first  nink.  that  the  element.s  which 
go  to  make  u|>  national  power  are  centering  more  and  more  around 
the  industrial  forc<s.  It  is  n|H>n  these  industrial  ton-es  that  the  k-ad- 
ing  States  now  rely  fi»r  the  maintenance  of  their  )>olitical  a.«*  well  :ls 
their  <-onunercial  sujiremacy  :  it  is  through  tin-  immense  activity  ot'  the 
intlustrit's  that  the  iour  tpiarters  of  the  globe  are  U-ing  prolKil  for  focnl 
and  raw  materials,  that  metluKls  of  transporkition  and  liistributiou 
have  been  develoiH^l,  and  that  the  huge  manufacturing  centri's  which 
play  so  great  a  part  in  nuHlern  |M»litiiill  ec»»nomy  have  n»juhe<i  their 
present  importance.  Industrial  development  has  l)econie,  indec<l.  a 
profound  national   »|Uestion.      liider   these  circumstances  it  i.-  nut  out 
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of  place  for  us  to  study  with  much  care  tlie  industrial  development  of 
our  own  country. 

For  the  purpose  of  bringing  the  matter  concisely  before  your 
minds,  let  me  invite  your  attention  to  a  few  commercial  statistics  in 
regard  to  the  relative  wealth  which  England,  France,  and  the  United 
States  are  creating  by  the  concretion  of  human  thought  in  industrial 
labor,  and  the  bearing  which  this  wealth  has  upon  commerce : 


Englaxd. 


Raw  material, 

Food, 

Manufactures, 


Raw  material. 

Food, 

Manufactures, 


Raw  material, 

Food, 

Manufactures, 


France. 


Imports. 

$784,236,980 
885,086,960 
174,894,340 

Im])orts. 


Exports. 

$117,727  03 

33,217  32 

854,093  19 

Exports. 


-         .       •  '364;?2?;80o}»250,838,600 

84,183,600  347,098,200 
United  States. 

Imports.  Exports. 

.  $182,057,686  $310,900,287 

215,219,419  439,996,838 

.     247,065,378  73,081,365 


It  will  be  observed  in  the  exhibits  of  England  and  of  France  that  it 
is  the  manufactures  which  give  life  to  the  commerce  of  each  nation, 
oonsuming  food  and  raw  material  on  the  one  hand  as  imports,  and 
exchanging  manufactured  products  on  the  other,  as  exports. 

An  examination  of  these  statistics  shows  us  that  in  the  markets  of 
the  world  England  and  France  are  great  sellers  of  the  thought  of 
their  people,  while  the  United  States  sells  but  $73,081,365  of  thought, 
and  buys  foreign  thought  to  the  amount  of  $247,065,378.  It  is  true 
that  the  industrial  power  of  the  United  States  appears  at  some  disad- 
vantage in  this  exhibit,  owing  to  the  fact  that  most  of  our  manufac- 
tures are  consumed  in  our  home  market;  but  while  this  table  more 
than  suggests  the  industrial  advantages  which  we  have  over  England 
and  France,  by  reason  of  our  supplies  of  food  and  raw  materials,  it 
also  makes  painfully  evident  the  fact  that,  in  proportion  to  our  oppor- 
tunities, we  are  far  behind  the  other  two  nations  in  the  extent  and 
variety  of  our  industrial  development. 
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Our  iiifbrioritv  in  this  direction  was  cvervwlieni  notjcejihle  at  the 
( '(•nt<'niii:il.  I  n.-iiK-nihcr  havini,^  hccn  called  to  the  Kxhihitioii  in 
Miirch,  \H7i),  h(;tbre  the  openiiii;,  and  inoetinL'  in  tin-  Main  I'uilding 
the  manager  of  a  Now  Jersey  pottJ.TV.  He  was  Juhihmt  over  the 
glori&s  of  hi.s  exhibit,  and  the  eortainty  which  he  felt  of  sec'uring  a 
hijrh  award.  Being  at  the  hiiilding  a  month  later  I  met  this  New 
Jersey  potter  again.  He  wjls  stiinding  before  the  English  and  the 
French  exhibits  of  porcelain  and  pottery  then  just  uncovered.  I  found 
iie  had  experienced  a  complete  change  of  heart.  Frankly  acknowl- 
odgiiig  himself  beaten,  he  said,  "  I  am  going  home  to  learn." 

The  Centennial  is  an  old  story,  but  it  taught  us  many  valuable  los- 
•sons.  What  (-oiild  be  more  suggestiv(.'  to  the  thougljtful  man  than  the 
general  displav  made  by  (Jreat  Britain  and  her  ('olonies ".'  Those 
who  reaill  this  exhibit  will  remen)ber  how,  on  coming  from  the 
western  entrance  of  the  Main  Building,  we  fii-st  came  in  contact  with 
the  raw  materials  from  the?  Colonies,  an<l  that  Au.stralia  was  c«)nspicu- 
ous  by  its  exhibit  of  a  monolith  showing  in  bidk  the  extent  <)f  its  gold 
pi'oduct.  Every  step  forward  was  the  |)Utting  behind  of  tlu'se  raw 
materials  and  meetiutr  a  hitrher  de<xrce  of  thoujrht  and  skill  ;  until  in 
the  grand  trause|)t,  in  the  exhibits  of  the  Doultons  and  the  Minton-, 
we  foinid  the  very  soil  of  England  trauslbrmed  bv  skilled  labor,  and 
•  tearing  values  fai"  greater  than  that  ot'  the  L:;old  of  Australia;  while 
in  the  Elkington  exhibit  gold  and  silver  themselves  became  raw  mate- 
rials on  which  to  (loat  thought  expressed  by  skille<l  labor  more  valu- 
able still. 

At  this  I'^xhibition  we  were  forced  to  recognize  the  industrial  supe- 
riority of  I'' ranee  as  well.  1  am  told  that  the  poorest  <xratlcs  of  cot- 
Ion  in  the  French  exhibit  surjiassed  the  verv  finest  cotton  products 
which  we  had  to  show.  It  may  l»e  said  that  the  development  of  our 
textile  industries  has  only  Just  begun. 

A(  know  ledging,  then,  tlu-  geiienil  inferiority  of  our  indu>irial  devel- 
opment, as  we  nui.st,  save  it)  a  few  dire<«tions,  and  acknow  h^iging  also 
the  im|)ortance  of  industrial  |>ower  to  any  great  nation,  the  ipicstion 
arises,  How  can  our  industrial  manufactures  Im'  promote»l "'  I  answer, 
/>j/  the  promotion  of  (hot  factor  trhir/i  /.-*  t/ic  main  finnrnt  of  rohir  in 
thnn,  Iniinon  thovght  crprcsMcd  (ttj  xkillnl  lohnr. 

'V\\v  nature  <»f  the  tliought  re(piire<l,  and  tin*  manner  of  cxpn'ssing 
it,  are  indicated  by  the  industrial  articles  which  we  have  Ihxmi  exam- 
ining.    Take  this  calij)er,  for    instance.      As  we    have  soon,  hut  a  few 
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cents'  worth  of  iron  ore  is  here  carrying  a  value,  created  by  thought, 
four  hundred  fold  beyond  the  value  of  the  material.  Now,  in  order 
to  render  the  raw  material — iron  ore — suitable  for  this  ultimate  pur- 
pose, thought  has  played  all  about  it,  has  brought  great  natural  forces 
to  bear  upon  its  constituent  atoms,  and  has  recombined  its  inherent 
forces  in  a  manner  suitable  to  sustain  the  idea  that  thought  has  desired 
to  impress  into  and  upon  it.  Again,  in  the  case  of  this  vase,  thought 
has  been,  as  it  were,  playing  about  the  raw  material  of  common  clay, 
readjusting  its  constituent  elements  to  serve  an  industrial  purpose, 
and  the  material,  when  thus  reconstructed,  has  become  the  basis,  as  it 
were,  upon  which  thought  has  expended  itself  in  a  purely  aesthetic 
direction,  creating  great  value  by  ministering  to  aesthetic  tastes.  Again, 
in  this  copper  vessel  we  have  thought  working  through  skill;  and, 
without  changing  at  all  the  constituent  elements  of  the  material,  it 
has  created  a  new  value  by  impressing  thought  upon  the  metal  by  the 
skillful  work  of  the  hand. 

Thus  we  see  that  thought,  to  create  these  wide-spread  industrial 
values,  needs  to  be  enriched  by  science,  which  shall  inform  it  with 
regard  to  the  constituent  elements  of  the  materials  it  has  to  deal  with, 
and  the  nature  ot  the  chemical  and  physical  forces  which  may  be 
brought  10  bear  upon  them ;  and  also  by  aesthetic  art,  that  it  may 
make  use  of  the  principles  which  govern  the  production  of  beauty. 
Furthermore,  it  requires  the  aid  of  graphic  art,  as  a  definite  language 
in  which  to  express  its  conceptions,  and  a  knowledge  of  the  manual 
arts,  that  there  may  be  sufficient  skill  of  hand  to  embody  in  the 
desired  materials  the  thought  expressed  by  graphic  art. 

Such  is  an  outline  of  what  is  necessary  tor  the  development,  enrich- 
ment and  application  of  thought  for  industrial  purposes.  To  elaborate 
the  details  of  each  subject  is  impossible  within  the  present  limits,  and 
only  the  general  features  of  each  can  be  referred  to  here.  Grouping 
them  under  the  three  heads  of  Science,  Art,  and  the  Manual  Arts,  the 
fundamental  elements  in  each  subject  may  be  outlined  and  illustrated 
as  follows : 

First.  In  Science,  a  knowledge  deriv^ed  from  practical  observations 
of  the  laws  and  phenomena  of  chemical  and  physical  science,  such  as 
light,  heat,  electricity,  magnetism,  mechanics,  molecular  motion,  chem- 
ical affinities,  quantitative  and  qualitative  analysis,  etc.,  etc. 

These  are  some  of  the  more  fundamental  features,  and  neetl  not 
be  more  than  referred  to  here. 
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Secoii'/.  Ill  Art,  :i  Uii()wIe<l^(M)l"  the  features  of  graphic  and  je*stlietic 
art,  wliicii  are  tlir<'e  fold  in  their  nature  and  rehite  to 

1.  Cou.struetion,  or  how  in(hi>trial  ol>je<-ts  an*  in  idi-. 

2.  K<'|>resentation,  or  how  objects  appear. 

3.  Decoration,  or  the  enri<linient  (»f  articles  hy  «»rnainfnt  for  the 
pur|)os('  <if  inereasiiiji'  their  value.* 

T/ilrtl.  Ill  the  Manual  art>  a  Un"»\vle<l^<'  of  tlie  fnndaiucutal 
iiiaiii|iiilalis'('  pr«M'es.ses  in  dealinjx  with  raw  material*.  The  worker  in 
iron  for  e.\am|)le,  must  l)e  familiar  with  th*-  |»rooe.ss«'s  of  iM-inlint;, 
drawing  out,  wehlin^r,  juniehinir,  etc.;  and  in  wood  work  a  knowl- 
edge of  planing,  cutting  and  s|>litting,  sawing,  joining,  turning,  etc.,  is 
essential.  In  steel  work  we  have  the  following,  among  various 
manipulations:  Filing  to  line;  sawing  and  tiling;  free-hand  filing; 
fitting ;  chip|)ing,  etc 

There  are  varimi-  indiistiie-.  wh<»c  inanlpnlative  pr<K-esses  might  he 
<'ducaf ionallv  arranged  in  a  similar  way. 

Having  thus  seen  that  in  industrial  |)r<Mlnrt>  tin-  m<i~t  iiupnrt.int 
and  most  valiialdc  factor  is  human  lhoiij_r||t,  having  >c('n  further  that 
for  the  |»ractical  development  ot"  this  thought  it  ne(MJ<  to  he  eiiricluil 
l)\-  a  knowledge  of  Science  :ind  Art.  ami  e<pji|»ped  with  a  knowledge 
of  the  Manual  arts,  our  next  impiirv  i-;.  llow  can  these  results  l>o 
seen  ret  i ".' 

Ilefore    aii~\\<lllig    the    (p|e-.tion    direetK      -;ind     e-p«<i:ill\    ;i-    l'\    oiir 

statistics  \\r  h;ive  brought  the  commerce  of  England  and  l"'nince  into 
contia>t  with  our  own  -  let  us  turn  our  attention  for  a  momeiu  to  what 
Kngland  and  1'' ranee,  our  two  nutst  powert"id  intlu"»trial  and  coninicr- 
eial  competitors,  are  doing  in  the  way  of  proteetiiii.^  their  rc.nimeicr 
by  protecting  and  stimulating  tln'ir  in«bistries. 

A  l)rief  survey  of"  their  ef!l»rts  in  this  <lire<tion  will  >how  u.-.  thai  to 
an  extent  far  beyond  what  is  compreheiulnl  in  this  country  they  are 
utilizing  the  fonvs  of  public  iHlucation  :is  tributary  to  tiii>  en«l.  ( >ur 
statistics  show  us  that  faigland  is  leading  the  whole  world  in  c«>m- 
merce,  ami  this  through  tlie  iiulustrial  development  which  is  c:uTying 
her  commerce  along  with    it.      If  we  look  ctu'cfully  into  the  im|K*rial 


*  Tlieso  features  were  illu>iratcil  l>_v  u  nutnlK-r  nf  iliarUs  iiiui  ilrawiiip.,  jiliowinL'  hnm 
drnwiiig  is  practicnily  aiiplii-tl  in  iinlustry. 

Tlio  work   in  iron,  wihmI,  and  stirl  was  illnstmte«i  t>y  examples  of  sln>p  work  t'roni 
tlu'  Institute  of  Twlniolojjy.  IVtston.     Tiie  t«-aeliinir  of  sptviai  or  e<»nipKte  traiK>  in 
this  elfnii-ntarv  consiriu-tion  was  ili.-oMnitenanixti. 
Whole  No.  Vol.  CXII.— (Thikp  }>eries,  Vol.  Ixxxii.)  15 
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policy  of  Great  Britain,  we  shall  find  that  this  result  is  no  mere  acci- 
dent, neither  is  it  wholly  the  result  of  fortuitous  circumstances. 

It  is  a  result  which  has  been  deliberately  planned.  For  more  than 
thirty  vears  England  has  been  spending  immense  sums  of  money  for 
the  avowed  purpose  of  clevelo])ing  her  industries  through  increased 
skill  and  taste.  So  systematic  have  been  her  efforts,  so  munificent  her 
expenditures,  that  she  has  established  industrial  museums  and  schools 
of  science  and  art  by  the  side  of  every  important  industry  in  the  king- 
dom, and  has  expended  over  $20,000,000  in  supporting  them ;  and  she 
is  now  supplementing  these  efforts  by  still  broader  provisions  for  the 
industrial  education  of  her  artisans  in  her  national  schools. 

It  is  generally  conceded  that  it  is  to  these  efforts  that  England 
mainly  owes  her  present  industrial  supremacy. 

If  we  turn  to  France,  we  find  similar  efforts  in  progress.  In  many 
respects  the  higher  branches  of  technical  education  are  better  system- 
atized and  better  developed  in  France  than  in  England.  At  the  same 
time,  the  trade  education  in  France — that  is,  the  training  in  the  trades 
themselves — is  broader  than  in  England. 

The  recent  efforts  of  England,  however,  through  her  national 
schools,  will  soon  place  her  still  further  in  advance.  It  ma}"  be  said 
in  this  connection  that  France  is  endeavoring  to  meet  England  on  her 
own  ground,  as  will  be  seen  by  an  examination  of  the  recent  pro- 
visions for  public  education  in  France. 

If  we  ^vere  to  extend  our  observations  to  Germany  and  Austria,  we 
siiould  find  in  those  countries,  also,  the  evidences  of  an  earnest  industrial 
arming.  Indeed,  Austria,  a  State  which  thirty  years  ago  was  behind 
nearlv  all  Europe  in  education,  is  now  looking  to  the  development  of 
industrial  education  with  a  liberality  and  a  degree  of  practical  fore- 
sight which  challenge  our  most  serious  consideration. 

To  measure  the  exact  effect  in  dollars  and  cents  of  such  educational 
investments  is,  of  course,  impossible ;  yet  it  is  the  concurrent  testi- 
mony of  all  who  have  given  attention  to  the  subject,  that  by  such 
means  only  can  industry  be  promoted  in  any  broad  way,  while  tlie 
results  which  have  flowed  from  the  efforts  which  liave  been  under- 
taken, particularly  in  England  and  France,  have  been  sim])ly  incalcul- 
able. If  time  permitted  a  study  of  the  details  of  English  and  French 
commerce  for  the  past  few  years  it  would  be  full  of  interest  in  this 
connection. 

These  facts  show  us  that  for  industrial  development — for  the  pro- 
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motion  ot"  tlioii^lit  in  imliistry — jmhlic  <M|iii'ati<ni  is  a  most  jwwerfnl 
weapon,  and  our  fonim«.*n*ial  statistics  tell  us  only  too  plainly  that  we 
in  this  coinitry,  with  the  most  opulent  material  resour<-«-s,  an<I  with  a 
most  intellitrcnt  .and  cnterjirisini;  people,  have  hardlv  lK*<^un  a  ermrse 
of  industrial  development. 

For  the  purpose  of"  sul)>tantiatin;Z  the  -tatemeni  made  in  the  l>e;j^in- 
j>in^  of  these  remarks,  |>ermit  me  1o  turn  aside  tor  a  moment  from  the 
main  argument,  to  hrinjjthis  matter  dire«tly  Imme  to  you  here  in  IMii- 
iadelphia. 

1  am  a.ssured  that  the  annual  product  ot'  your  hxal  manufactures  is 
about  §o()0,()0(),(K.M),  If  this  i>e  .so,  you  have  an  immen.se  interest  at 
«take  in  this  qucsti(»n,  and  if  what  I  j^ather  fnun  .some  of  your  lejuiinj; 
manufacturers  he  true,  your  industries  are  far  from  havinij  reached 
their  ma.xinuim  development  in  the  matters  of  skill  and  ta-te.  Thi.s 
Ixiing  true,  the  assistance  they  need,  the  vital  proUci'wn  they  neeii,  is  to 
have  m(>re  thouirht  in  them-  a  InLrher  dei^ree  of  skill  and  t;t-te  amonj^ 
the  arti.sins  en<;aged  in  tl  em.  Hy  pr<>vidintr  this  thought  and  this  .-kill 
they  will  Ix}  most  securely  protwteil,  and  I  do  not  think  it  too  miieh 
to  .sjiy,  with  the  results  of  KurojMan  e.xjK'rience  l>eforc  us,  that  the 
e.xpenditure  of  $1,(J0(>,(M)()  anmially  for  hroati  iiuhistrial  e^hication 
would  s«M)n  return  you  an  increase  of  ten  tinus-  that  sum,  in  the 
enhanced  value  ot"  your  prcnlucts,  without  additional  i-ost  for  material, 
and  with  a  reduction  of  <'ost  in  many  dire<tions.  With  such  facts 
before  you,  with  your  vast  industrial  interests  at  stake,  with  the  great 
aetivitv  of  vour  industrial  competitors  on  the  other  side  of  the  water, 
aiming  their  industrial  forces  dire«'tly  at  your  workshops,  de<>m  mr 
not  impertinent  if  1  ask,  W  hat  are  you  doing  in  the  way  of  jmicti- 
«dly  protecting  your  most  important  interests'.'  Where  are  your 
schools  of  Science  and  Art,  and  your  Industrial  scluRds  for  artisans, 
such  :is  you  find  at  Hirmingham,  Shcflield,  Lcctls,  Kommatow,  Mid- 
house,  C'reusot,  Zurich ;  or  your  hulustrial  museums  like  tlH»sc  at 
London,  Paris  and  N'iennaV 

This  is  a  (|ue>tion  for  you  to  answer  tor  yourselvt's.  Without  ijoing 
into  further  (letails.  vou  will  agri-e  with  me,  from  what  ha-  Ikh-u  -hown, 
that  not  onlv  doe>  \our  future  in«lustrial  prosjH-rity  dejH-nd  ujMtn 
your  securing  more  thought  as  cxpn-sscd  by  -kill  and  ta-te  in  vour 
indiKstries,  but  al.so  that  one  «>f  the  most  im|M>rtant  matters  which  c:in 
engage  the  serious  intention  of  your  ct»mmunity  ami  lioani  of  Trade 
is  this  (pic-stion  of  practical  industrial  e<.hic:»tion. 
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Turning  now  to  the  broader,  or  to  the  national  aspect  of  the  subject, 
the  question  arises,  how  can  the  education  which  we  have  seen  to  be 
so  valuable,  and  which  is  being  so  earnestly  promoted  abroad,  be  intro- 
duced in  this  country? 

I  answer,  it  can  be  introduced  in  this  country  better  and  tar  more 
eifectually  than  in  any  other  country.  We  have  simply  to  avail  our- 
selves of  our  already  established  system  of  public  education.  By  a 
readjustment  of  some  of  its  features,  and  an  incorporation  therein  of 
certain  others,  the  main  ol)ject  can  be  accomplished.  In  this  matter  I 
know  there  are  some  difficulties  in  the  way,  and  many  prejudices  to  be 
overcome;  still  the  thing  can  be  done,  and  nothing  is  surer  than  the 
fact  that  the  public  schools  will  ultimately  be  made  to  answer  to  broad 
public  needs  in  this  respect. 

In  engrafting  industrial  education  upon  our  public  education  we 
shall  have  a  great  advantage  over  our  foreign  competitors  in  this 
respect.  Our  general  system  of  public  instruction  has  already  been 
organized.  With  all  its  drawbacks,  it  is  free  from  many  of  the  bones 
of  contention  which  surround  public  education  abroad.  On  tlie  other 
hand,  in  promoting  industrial  dev'elopment,  the  public  schools  will  be 
advancing  their  own  interests.  They  have  of  late  received  the  fiercest 
criticism  from  many  quarters,  and  the  burden  of  this  criticism  seems 
to  be  that  our  public  instruction  is  wanting  in  practical  elements. 
But  I  cannot  state  this  aspect  of  the  case  more  strongly  than  it  was 
stated  in  an  address  before  the  Franklin  Institute  in  1874,  by  one  of 
its  most  honored  members,  Mr.  Coleman  Sellers,  who  summed  up  his 
argument  by  saying,  "  Our  common  school  education  gives  us  traders, 
gives  us  shopkeepers,  but  it  gives  us  no  artisans,  I  know  not  if  this 
can  be  remedied,  but  I  do  know  we  require  some  other  training  for  our 
sons  and  our  daughters." 

This  feeling  is  so  universal  a  one,  and  is  so  closely  related  to  the 
subject  in  hand,  that  I  trust  you  will  pardon  me  for  stopping  a  moment 
to  show,  in  a  graphic  way,  why  it  is  that  our  public  education  is  so 
practically  out  of  joint. 

In  all  education  what  is  it  that  we  educate?  Where  do  we  lodece 
the  instruction  ?  What  particular  organs,  senses,  faculties,  do  we 
develop  ?  The  effort  is  to  develop  thought.  What  is  thought,  and 
how  is  it  generated?  Thought  is  brainpower.  Thought  in  litera- 
ture, commerce  or  industry  is  produced  by  the  legitimate  physical  action 
of  the  brain,  and  to  study  the  i)urely  materialistic  action  of  the  brain 
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ill  f(»;ii('r:itiii;:  mikI  ••\|>i<s-iii;i  tli'iii^lit  iM-rnim-^  a  juiiiiary  (•uusi<l«'r.itl'»n 
ill  all  (-(liK-atioii. 

Stiidviii;:;  tin-  lnnrtiuiis  of  tin-  liraiii,  \v*-  tiii<l  tliat  t'<>r  ciluititioiial 
jmrposcs  it  niav  l)c  likciH-d  to  an  organism  with  a  tlinn-loM  form  ot' 
Avorkiii};,  an  or^i^anisni  uitli  a  pown-  of  al).s<»r|)tioii,  a  power  ot"  as.<iiiil- 
latioii  and  rt'cn-ation,  an<l  a  |»ow»t  of  expressing  or  ^iviiij;  out.  Tlie 
forc(,'  or  cliaracter  of  a  luaiii  is  iiieastire<l  entirely  by  its  expressing; 
power,  l)V  what  eoines  out  of  it.  Ivxainiiiin^  a  little  closer,  we  find 
that  the  hrain  absorhs  throiin;h  all  the  five  senses,  while  for  expr»*ssing 
purposes  it  makes  u.se  of  hut  two  of  these  senses,  or  rather  ot"  hut  two 
organs  of  tlie.se  senses — tiie  ton«;ue  and  the  haml.      Fig.  1  is  a  simple 


Toogvi*. 


diagram  representing  a  l)rain  with  the  five  senses  plaeed  on  one  -nje. 
as  means  ot'  ahsorhing  power,  while  on  the  other  side  the  tongu>*  and 
the  hand  are  plaeeil  as  organs  of  expre<.;<ing  |»«iwer.  The  other  tiine- 
tioii  ot"  tln'  hrain,  that  of  assimilation  and  reereation,  eaniiot  ot'eoiir-^' 
he  graphically  re|)resented.  It  niav,  however,  he  slid  to  Ik-  the  result 
of  the  acfi^iii  of  till'  otluT  two  t"un<'tion>.  Now  the  tNjuipjting  of  a 
hrain,  or  the  healthy  education  of  a  hrain.  consists  in  giving  it 
expressing  power  through  the  tongue  aii<l  the  hand,  coextensive  with 
the  power  ot"  al.sor|>tion  and  the  powir  ot'  recreation. 

.Vpplying  <Mir  |)opnlar  s«'henu's  ot'  jHlucation  to  the  hrain,  and  e>jH.'- 
eially  those  hased  on  the  -l-M  idea  of  edui-ation,  we  find  what  i<  indi- 
<'atcd   in    V\\z.  -.  that    provisi<tii   has  heeii   made  tor  ..Meatlv  di-ten<ling 


RNding. 

Math*m«tict. 
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Grammar. 

Hmory. 

Languag»t. 

Phyiiology. 

Litvralura, 

Nali.ral  Hotory 

Throrotical  Scitncat. 

the   ahsorl)ing   >itle   ot'    the   hrain.  while    tor    the  expressing  si»le.  the 
practiod  side,  provision   ha-^  Imvii   limit»HJ  to  the  use  of  the  tongue  in 
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speech  and  tf)  the  liaiul  in  writing;.  If  now  we  folh^w  the  re.sult  of 
this  brain  equipment  into  practical  life,  we  find  that  .speech  and  writ- 
ing as  means  for  expressing  thought  have  their  applications  maiilly  in 
the  commercial  and  financial  emj)loyments  and  the  profe.s.sions,  and 
only  incidentally  in  the  industrial  and  mechanical  employments.  With 
such  an  inadequate  and  one-sided  brain  equipment,  it  is  not  possible  in 
any  broad,  practical  way  to  bring  thought  or  brain  power  to  the  ser- 
vice of  indu.stry.  The  fact  so  generally  admitted  that  we  are  getting 
so  few  intelligent  artisans  or  mechanics  from  our  scheme  of  public 
education,  that  we  turn  out  pupils  of  both  sexes  with  a  decided  repug- 
nance to  industrial  labor,  is  an  attestation  to  the  truth  of  this  state- 
ment. The  simple  fact  is,  that  our  education  is  not  broad  enough  on 
the  expressing  side  of  the  brain,  that  too  much  attention  has  been 
given  to  the  ahsorbing  side  of  this  organ,  that  no  adequate  provisions 
have  been  made  whereby  it  can  discharge  its  power  in  work  connected 
with  the  industries. 

In  Fig.  3  a  remedy  for  this  defect  is  indicated  in  the  addition  of 

Reading. 
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Grammar. 

Hisfoiy. 

Languages. 

Physiology. 

Literature.  j  '     [  r^ano.   \    a  Writing. 

Natural  Histo-y.  {Drawing. 

Theoretical  Sciences.  i-ig.  J.  (  Manual  Arts. 

Practical  Sciences. 

the  study  of  graphic  and  8e.sthetic  art,  through  drawing,  and  of  training 
in  the  manual  arts,  to  the  previous  brain  equipment.  Observe  M'here 
these  features  come  in  the  scheme — on  the  expressing  side  of  the  brain 
and  in  the  service  of  the  hand,  thus  giving  the  brain  ample  power  to 
discharge  thought  in  its  most  complete  form  for  use  or  for  beauty. 
With  these  features  added  to  the  brain  equipment  its  power  of  express- 
ing thought  in  all  practical  directions  will  be  coextensive  with  its 
absorbing  and  recreating  powers;  and  just  as  soon  as  tiie  public  can 
clearly  see  that  in  the  outcome  of  our  public  education  there  is  no 
respecting  of  persons  or  of  classes,  that  pupils  are  trained  for  honest 
labor  with  their  hands  as  well  as  to  living  by  their  wits,  are  taught  to 
produce  something,  to  create  values  by  the  action  of  their  brain  through 
the  work  of  their  hands,  a  much  deeper  interest  in  public  education 
will  not  only  be  manifested,  but  generous  provisions  for  its  support 
will  also  be  given. 
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Tlic  |»r:irtif:il  dilution  of  tli*'  jtniMciii  wi-  have  lytMi  (•<»nsi<l<'ring 
is  not  adifHciilt  malfcr.  It  coiisiHts  of  |>n»vi<linj;  l)ett<T  instruction  in 
Scien(«  and  in  Art,  and  in  inakin;r  provisions  for  tlir*  instruction  of 
our  youth  in  s<»ni('  of  tlic  Manual  arts. 

All  that  is  nwressarv  in  the  instruction  in  S-iciicc  ainl  in  .\rt  i-  to 
reform  tln'  tc;ichin;r  in  l)oth  sultjf'cts,  and  to  make  it  more  |n-.i<-ti<-al. 
Brin^f  Sci^-ncc  down  from  the  Hi<;h  S<'liool  t<t  the  I'rimarv  and  (inirn- 
niar  Schools  :  teach  it  n«tt  liv  theory,  nor  ewti  hv  the  onlinarv  ol»j»*«"t 
lesson,  but  pive  pupils  an  <»pportunity  to  wdik  with  materials,  to  make 
experiments,  and  thu-  to  observe  the  results  which  take  place  under 
their  own  lingers,  thereby  jrainiuf^  knowledge  a-  u.II  i-  iiKini|»uIative 
confidence  and  skill.      All  this  is  |>ossibl(-. 

In  teachinj;  Art  a  radi<al  reform  shouhl  Im*  institute<l.  Sulwtitute 
for  the  dilettante  drawintr  which  cuml>ers  many  of  our  s<^hools,  system- 
atized and  practi^-jd  work  like  that  which  we  have  Int'ii  considering^, 
and  wiiicji  finds  |)rai'tieal  ap|)lic:itioiis  in  educ.ition  in  our  industries 
and  in  true  a'stheti<-  culture. 

In  retrard  to  trainin<;  in  the  Manual  arts,  the  tjuc^tioo  In-ini;  ou*-  of 
comparatively  ret-ent  growth  |>resents  more  .'<erious  ditHculty.  The 
principal  lines  of  work  have  been  su;XLr<*>tf'd  and  illustrat<N|  aln-sidv  ; 
l)Ut  that  which  h:»s  beei\  accomplishe<l  in  this  dire«tiou  has  Ikvu  «lone 
mainly  in  sp<'cial  nuH-hani<-al  s<'h(M)ls  like  those  of  the  Boston  Institute* 
of  Technoloijy,  or  of  the  Washington  I 'ni\<r-it  v  at  St.  Loui>.  and  a 
few  other  technic:il  schools.  The  j»rescnt  problem  i-  to  brid^re  over 
the  <rroini«l  between  the  industrial  tniinin;;  of  the  Kindcrixarteu  and 
that  of  the.sc  technical  sch(M)ls. 

I  thiid<,  however,  that  a  full  consideration  ot"  the  (pic-«tion  will  show 
no  insurmountaitle  <ibstacle  in  the  way  of  attachiujj^  like  triiiniii;;  n-hools 
to  our  public  school  system,  or  in  the  wav  of  idtimatelv  incor|>orating 
instruction  in  some  of  the  fundamental  manipulation-  in  the  Manual  arts 
into  a  rejjidar  s<*heme  of  |»idtli<'  instruction.  \'arious  etf<irts  are  In-inj; 
made  to  solve  this  problem,  and  with  the  <;eiu'r:d  interest  in  the  sul>- 
j«H't  which  now  exists,  I  have  no  doubt  i»ut  that  the  jletnand*  of  pr.ic- 
tical  pul)lic  cdu    ition  will  mike  thMundves  tVIt  in  this  tlirection. 

If  my  aririuncut,  then,  be  a  sound  one,  we  sec  that  the  material  pros- 
perity of  i\i'\<  peo|)le,  and  •'SjX'cially  of  this  communitv,  is  (*omin^to 
ilepend  to  a  very  ijreat  extent  uj>on  the  d«'velopment  amon«r  ;jl|  elastses 
of  a  kntnvledp'  of  industrial  si'ience,  art,  and  manual  <kill:  that  tiie 
pmmotion  of  this    knowUxljre   is   funihunental    to  any  bn^id  material 
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development,  and   that  as  yet  but  veiy  meagre  provisions  have  been 
made  for  it. 

We  see  also  that  the  most  efficient  provisions  which  can  be  made  for 
thi.s  education  must  be  made  in  connection  witii  the  public  schools; 
and  that  in  order  to  give  proper  elementary  industrial  training  in  our 
.'^chuols,  we  must  have  more  practical  and  universal  teaching  in  Science, 
and  more  carefully  systematized,  more  definite  and  broader  instruction 
in  industrial  art ;  and  that  training  schools  in  the  Manual  arts  should 
be  grafted  upon  our  present  system  of  school  instruction. 

These  ideas  are  not  new  ;  many  of  them  have  been  carried  into 
practical  effect,  as  we  have  seen  from  our  illustrations;  but  although 
the  subject  is  not  a  new  one,  it  is  one  whose  educational,  whose  com- 
mercial, whose  political  importance  is  now  for  the  first  time  gaining 
recognition.  The  more  careful  the  study  given  to  this  question,  the 
more  vital  does  the  necessity  for  this  development  of  industrial 
thought  appear,  and  I  do  not  feel  as  if  I  could  emphasize  too 
strongly  the  imperative  necessity  to  our  political  and  commercial  pros- 
perity of  a  judicious  investment  in  this  tremendous,  this  incalculable 
source  of  wealth,  the  development  of  the  industrial  thought  of  the 
nation. 

A  serious  word  just  here.  We  hear  much  in  these  days  about  pro- 
tection to  American  industry.  If  my  presentation  be  a  true  one,  we 
are  to-day  sadly  unprotected  against  the  industrial  com])etition  that  is 
coming  against  us  from  Europe,  a  competition  against  which  no  tariif 
can  alone  protect  us.  liemember  that  it  is  not  now  the  pauper  labor, 
but  the  skilled  labor  of  Europe  with  which  we  have  to  contend. 
Eurojje  has  been  arming  for  this  contest  for  years,  and  is  now  putting 
millions  of  skilled  workmen  into  her  workshops.  Against  such  a 
competition  no  tariff  can  give  adecpiate  protection,  and  if  I  may  be 
permitted  to  do  so,  I  would  suggest  as  a  fundamental  article  in  the 
creed  of  protection.  The  industrial  education  of  the  American  workman. 

One  word  more  in  explanation.  I  am  aware  that  in  stating  the 
question  thus  broadly  and  practically,  I  lay  myself  open  to  the  charge 
of  advocating  a  materialistic  education.  Such,  however,  is  not  at  all 
the  result  which  I  believe  will  follow.  In  a  government  like  ours 
the  development  of  good  citizenship  must  always  hold  a  foremost 
place  in  all  schemes  of  education. 

What  is  the  basis  of  good  citizenship  ? 

It  rests,  in  individual  cases,  primarily  on  the  power  of  maintaining 
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oncHelf  ill  tlic  .stnij^jjlc  for  oxi.stoiu'o  ;  :iii<l  uln-ii  yoii  itl»s«'rvf  the  cmiii- 
plex  conditions  innl(.'r  wliidi  life  is  j^iveu  to  iis  to-<l:iy.  wlieii  yon  consitlr-r 
the  necessity  which  rests  npon  every  nie<-Ii:ini<'  and  artisun  of  I'hihi- 
ilelphia  that  he  shall  pnxince  .sonietliin;;  hy  tin*  action  of  his  hniin  and 
liand,  -onuthin^  \vhi<h  shall  exchanj^e  with  the  ffMxI  |>r«Mlne<-<l  Ity  the 
Illinois  farmer  <»n  the  one  hand,  and  with  the  work  of  artisan-  or  pro- 
<lncers  in  other  comniiinities  on  the  other,  you  seothat  the  Hr-t  fondi- 
tioii  for  ;;ood  r-iti/i'M-iiiif  on  the  ji.ir-t  of  your  industrial  produ<-tr.>  ln-re 
in  I'liiladelphia  is  the  possession  t»f  the  power  of  snpj>ortinj^  theins^'lveij 
by  selling  tije  expre.ssion.s  of  their  thouj^ht.s  in  iron  or  wo<m1  or  steel 
or  textiles.  If  it  l>e  not  too  abstract  a  thought,  it  may  he  xiu\  in  tliis 
connection  that  the  degree  in  which  man  becomes  a  grMxl  citizen,  and 
the  degree  in  which  lie  becomes  interested  in  the  whole  scheme  of 
.s(M'ial  and  political  order,  can  be  approximatr-lv  mea-ured  bv  the 
means  aflltrdcil  him  for  th»'  creation  of  wealth  and  tor  the  «'Xchange 
of  his  product>. 

It  may  beallege<l  that  1  |iui  even  a  material  value  upun  citi/.en-hi|t. 
In  one  sense,  I  do.  i'lie  material  value  ot'  social  and  jMilitical  oi-der 
should,  it  seems  to  me,  be  the  starting  point  for  the  consideration  of 
the  subject,  for,  with  all  dui'  res|)ect  t(»  theoreti*'  se-ntinieut,  in  the>4_' 
days  when  the  rapid  increase  and  aggregation  of  population  in  indus- 
trial and  commercial  centri's  are  j>resenting  new  problems  in  HM-ial, 
|)olitical  and  economic  science,  the  responsibilities  of  life  are  t<Mt  real 
and  too  fearlul  to  admit  of  our  relying  whollv  upon  theories  ot' human 
<'oiiduct,  however  sicretl  (»r  however  venerai>le.  Strikes  among  miner- 
ami  trade-union  o|teratives  aic  the  legitimate,  wa>tet"ul  and  barbarou- 
attendants  of  our  |iresent  industrial  th-velopment.  TlK>se  cvil>  are  not 
to  be  corr-ctcd  by  the  establishment  of  Suntlav  schools  or  bv  the  ilistri- 
bution  of  religious  tracts.  We  have  tir>t  to  tieal  with  the  iRiiple 
I'Ugaged  in  the  industrial  employment-  as  men,  having  like  interests, 
iiopes  and  fears  with  ourselves.  We  nui-t  give  those  who  live  bv  the 
industries  a  fair  clianci' ;  we  must  atlbrd  tlu-  men  who  are  eng;ige<liii 
industrial  labor  an  op])i.rlunity  to  live  as  men,  aiul  not  a>  luithinking 
nuu-hines,  or  as  ignorant  beasts;  and  the  tirst  gn-at  stip  toward-  the 
reconciliation  of  lait<>r  .md  c;ipit;tl  seem-  to  me  to  l)e  this.  —  industrial 
education. 

No,  it  would  be  ail  entirely  tal-e  conclusion  to  s;iy  that  the  ith-a  of 
etlucjition  we  have  been  cousidei"iiig  tends  to  merely  materialistic  ends. 
It  is  true  that  its  tiist  objirt  is  to  reach  a  material   n'sult  through  the 
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concretion  of  liunian  thought,  either  for  use  or  for  beauty.  In  the 
process,  liowever,  the  very  foundations  of  human  knowledge,  we  may 
say  of  human  culture,  are  laid  hold  of.  The  mind  of  man  is 
pressed  by  an  inexorable  necessity  against  the  primal  forces  of  nature, 
feeling  "  God's  great  hand  in  that  darkness  ;"  and  in  studying  the  con- 
stituent actiou  of  these  forces,  in  learning  to  appreciate  their  infiuite 
extent,  their  marvelous  power,  he  is  brought  into  direct  contact  with 
eternal  things.  Whether  dealing  with  iron,  or  textiles,  or  precious 
metals,  he  comes  at  last  to  see  that  these  very  materials  in  their  last 
resolution  are  but  emanations  of  that  supreme  power,  which,  clothed 
though  it  may  be  in  the  phraseology  of  the  "  Persistence  of  force,"  or 
invested  with  the  personality  of  Zeus  or  Jehovah,  pervades  all  things. 

Industrial  education  therefore,  properl}^  comprehended,  means  not 
simply  the  training  for  a  trade,  but  the  building  up  of  a  good  citizen, 
who  contributes  by  his  thought,  expressed  by  skilled  labor,  to  the  hap- 
piness of  mankind.  Trade  and  commerce  are  but  servants  to  such  a 
citizen,  and  by  exchanging  his  products,  they  link  him  indissolubly  to 
the  preservation  of  social  and  political  order,  as  mere  accessories  to  the 
full  development  of  his  own  spiritual  individuality. 

And  this  is  industrial  education  from  a  business  standpoint. 


Variations  of  the  Hydrogen  Lines.— Rutherfurd  first  estab- 
lished a  classification  of  stars  according  to  the  nature  of  their  spectra 
by  pointing  out  the  diiferences  in  the  hydrogen  lines  in  diiferent  stars. 
Becchi  confirmed  his  observations  and  showed  that  the  solar  lines^ 
especially  those  of  sodium,  magnesium  and  hydrogen,  vary  in  breadth 
and  intensity  in  the  neighborhood  of  Sun  spots.  The  late  beautiful 
researches  of  Huggins  have  also  shown  variations,  in  the  violet 
and  ultra-violet  portions  of  the  spectrum,  which  can  only  be  studied 
by  the  help  of  photographic  processes.  Fievez  finds,  by  experiment, 
that  the  breadth  of  the  lines  varies  in  proportion  to  the  elevation  of 
temperature,  and  that  very  slight  traces  of  one  or  more  elements  can 
be  detected  by  a  sufficient  elevation  of  temperature.  In  this  way  he 
finds  that  the  C  and  F  lines  of  hydrogen  are  each  bordered  by  two- 
fine  lines,  which  form  a  triplet  with  the  principal  lines.  He  regards 
his  observations  as  interesting,  in  view  of  the  study  of  the  harmonic 
or  rhythmic  structure  of  spectral  lines,  which  has  been  pointed  out  in 
this  Journal  (vol.  civ,  p.  288,  etc.) — Bull  de  I' Acad,  de  Belg.        C. 
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Fluctuations  of  Sulphur  Springs.  M-  X'illot  lia>  st«i<lio<l  tlie 
variations  in  tlic  How  and  ^trciiLMli  ol"  tli*-  .~iil|ilnii- .sprin<rs  at  Catnoins- 
les-Bains.  TIk;  waters  an-  cold,  an<l  tlicir  >ul|ilMir  a|»|><'ars  to  <-ornc* 
from  the  deeoinposition  of  <;yp.snin  l»v  the  organic  matter.-  with  whicli 
the  surface  waters  l)ceome  char<^ed  whih'  circiilatiuL'  ii|><>ii  the  surface 
or  in  the  suh-soil.  'i'hey  c<»ntain  free  snlphurett*"*!  hvdrutren,  to«;etlier 
with  sulphnret  and  sulphate  of  lime  in  solution.  Irrij^ations  l»y  arti- 
ficial canals  injure  the  sprintr,  sometimes  diminishing  the  stren<;th  of 
the  waters  more  tiian  two-third-  when  the  l»athinL'  s4-ason  is  at  its 
height. — Ann.  dct  Mims.  ( ". 

Cotton  in  Italy.  The  American  war  stimulated  the  cultivation 
of  cotton  in  Italy,  and  excited  j^rcat  expectations  of"  permanent  |>ros- 
jxrity.  The  continual  and  sudden  diminutions  of  temperature,  durin;_r 
the  .season  when  the  Wolls  are  ripening,  proved  a  great  ol»>tacle  to  the 
cultivation  in  the  .s(»uthern  pr<tvinces,  and  it  is  now  confined  almost 
entirely  to  limited  distri<'t.<  in  Sicily  and  the  htwer  penin>u!a.  The 
factories  and  private  loom<  lor  weaving  textile  tiihrii-j;  sutler  greatly 
from  competition  with  the  importations  fn»m  other  couutri«'s,  and  the 
(piestion  ot"  a  protective  tarilV  is  awakening  much  intere>t.  Feth-Ie 
liorghi,  referring  t<»  the  early  hi>tory  of  cotton  manufacturing  in  the 
United  States  and  to  its  suhsecpicnt  marvelous  growth,  hcjieves  that  a 
similar  protective  polic\  wonid  l<;id  to  -itnilar  n-uit-  in  \X:\\\-.  I! 
Pofikcnico.  ( '. 

Modification  of  the  Ruhmkorff  Coil.  —  a.  Scarpa  an<l  L. 
iialtlo  constructed  a  Kuhmkortf  coil  with  a  iielix  divided  into  three 
movahle  conipartmcnts.  I'mh'r  the  ordinary  .irningtuicnt  the  sparks 
produced  liy  three  Jiunsen  cells  ha»l  a  length  of  <>  centimetr«-s  (2"."Itj  in.); 
when  the  middle  com|>artmciu  w:us  rcmoviHJ  without  disturhing  the 
others  the  length  of  the  s|>ark  was  penvptihlv  im-rea>eil:  when  the 
thread  of  the  middle  compartment  w;us  wound  arouiul  that  (»f  the 
other  compartments  they  ohtained  a  spark  of  8  centimetri's  (.'Mo  in.) 
They  then  wound  the  wire  so  that  the  current  would  jkuss  from  tlie 
exterior  extremity  of  one  of  the  superficial  coils  to  llie  (^irres|>onding 
<'entral  coil,  and  then  continued  through  the  other  coil  to  the  exterior 
extremity  of  the  seetHul  sujRM-ficial  coil.  With  this  arnmgenient  thev 
obtained  a  zig-/;ig  spark  of  l;{  tvntimetres  {.'y\2  in.),  of  exci^tling 
hrilliancv.— /i«r/.s/«<  Si-i,n(if'.  Indmf.  i\ 
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Lunar  Observations  in  Algiers.— M.  Faye  has  communicated 
to  the  French  Academy  the  first  series  of  lunar  observations  which 
were  made  at  the  new  observatory  at  Algiers  by  its  director,  M.  Tre- 
pied.  These  observations  strikingly  confirm  tiie  accuracy  and  import- 
ance of  Newcomb's  corrections  of  Hansen's  tables.  M.  Faye  antici- 
pates from  a  continuation  of  the  observations  further  valuable  results, 
which  will  amply  justify  the  establishment  of  the  new  observatory. — 
Comptes  Rendus.  C. 

Electricity  of  Mechanical  Vibrations.— Mousson,  in  1858, 
found  that  the  conductibility  of  metallic  Avires  is  affected  by  vibra- 
tions. Dr.  de  Marchi  has  recently  resumed  the  investigation.  He 
finds  that  every  stretching  of  a  metallic  w'ire  generally  increases  its 
resistance;  the  increase  is  commonly  proportional  to  the  increase  of 
stretching,  bu.t  after  reaching  a  certain  limit  the  variations  proceed  by 
jerks,  showing  a  momentary  and  profound  disturbance  of  the  mole- 
cular state  of  the  wire.  —  Revist.  Scientif.  Indust. 

[Chase  showed  in  1864  that  the  variations  of  the  magnetic  needle 
could  be  explained  by  the  mechanical  action  of  the  convection  currents 
of  the  atmosphere.]  C. 

Relation  of  Magnetism  to  Atomic  Weight. — Leo  Errera 
deposited  with  the  Royal  Academy  of  Belgium,  in  January,  1878,  a 
sealed  note  upon  the  "law  of  magnetic  ])roperties,"  which  has  lately 
been  published  on  account  of  Carnelly's  having  arrived  at  conclusions 
identical  with  his  own.  He  concludes  that  the  bodies  of  the  uneven 
series,  in  Mendelejeff's  groupings,  are  diamagnetic;  the  bodies  of  even 
series  are  paramagnetic.  He  proposes  to  show,  in  subsequent  commu- 
nications, that  the  periodicity  exists  not  only  in  the  fact  of  paramag- 
netism or  diamagnetism,  but  also  in  the  intensity  of  those  forces.  He 
is  now  endeavoring  to  establish  a  like  periodicity  for  many  other  phy- 
sical properties,  especially  for  the  points  of  fusion  and  volatilization. 
He  predicts  that  vanadium  will  be  found  decidedly  paramagnetic ; 
lithium,  rubidium,  zirconium,  rutherium,  coesium,  thorium,  and  per- 
haps ytrium  and  erljium,  will  be  slightly  so.  As  to  calcium,  stron- 
tium and  barium,  contrary  to  the  o])inion  of  Faraday,  they  will  also 
probably  be  attracted,  at  least  slightly,  by  a  very  powerful  magnet. 
On  the  other  hand,  thallium,  gallium,  and  probably  indium,  will  be 
diamagnetic. — Bull,  de  V  Acad,  de  Belg.  C. 
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Curious  Physical  Phenomenon. -I >r.  (ir:i<si  hm.I  ilmH- f..ii- 
centric  vcssdh  uilli  an  aiiiiiilai-  -pace  of  about  2  coutiiiictri's  {'~H7  in.) 
between  the  lir>t  an<l  xcontl  and  between  tlie  s^'fr)n(l  and  third.  The 
outer  space  was  lillcd  with  oil  and  the  next  with  water.  Thf  oil  wa.-* 
heated  l)y  a  tiirnace  to  a  little  over  KXr-"  (212^F.),  and  thr  water 
boiled.  Then  hot  oil,  c. //.,  l.">()'^  (•\()'2°V.)  was  poured  into  the  central 
.space.  This  (|iiicl<ly  cooled  to  a  teniperatiu"*;  about  equivalent  to  that 
of  boilinu'-  water.  The  oil  (ooled  more  rapidly  tin-  hi^r|i,.i-  the  t<-in- 
peratiire  ol"  the  outer  oil.  I)r.  (Jrassi  referred  to  an  analofroii.-.  phc- 
nonienctu,  (li.scov<re<l  l)y  some  members  of  the  Ac:idemia  del  Ciniento, 
who  found  that  the  water  in  a  ves.<el  surrounded  by  ice  cools  more 
rapidly  when  the  ice  is  heated  in  order  to  accelerate  fusion. — Proc. 
lio}!.  Inst.  Louih.  C. 

Prevention  of  Locomotive  Sparks.  — Albert  F<Kke  pr<»pos<«; 
the  followiuf^  arrangement  for  preventing  the  escajx?  of  sparks  from 
the  chimneys  of  locomotives.  .V  ciuiical  tube  is  fixed  centrallv  within 
the  chimnty,  with  its  large  end  extending  down  jn^t  intoti  e  blast  pipe 
and  its  small  end  re.iehing  about  half  way  up  the  ehimniw  Above 
this  conical  tiiix'  is  fixed  another  and  shorter  tube,  in  the  form  of  an 
inverted  truncated  con»',  above  the  mouth  <»f  whi<h  there  i>  a  metal 
disc.  I'art  of  the  exhaust  steam  which  issues  from  th<  bl:i<t  pi|»e 
j)a.sM's  u|)  through  the  l<>wir  coniral  tui>e  into  the  u|»pci-  oiu-,  and  is 
deflected  i>y  (he  disc,  outwards  and  <l<>wnwards,  into  the  aiuudar  spai-e 
between  the  tube  and  chimney,  ."^itark-  that  an-  carried  up  the  annular 
spacf  by  the  exhaust  steam  from  the  blast  pipe  are  met  bv  the  counter 
ciM"rent  and  are  thereby  extinguished.  —  /////y*//.   I'nir.  ( '. 

New  Electric  Property  of  Selenium.— lilondli>t  attaches  to 

one  ol"  the  poles  ot"  a  capillary  (■leetromittr.  i>v  means  (»f  a  platinum 
wire,  a  fragnu-nt  of  anneale«l  sehniiim;  to  the  other  a  plate  i>t  plati- 
num. If  the  seleniunj  is  brought  in  contact  with  the  platinum,  l>v  an 
insulating  rod,  the  electrometer  remains  at  zcr(»;  but  if  the  stdenium 
is  rubbed  again.st  the  surface  tif  the  metal  the  elec«trometer  is  imme- 
diately powerfully  agit:itc<l.  .V  deviation  may  thus  v:\A\\-  be  obtaine<l, 
e(iuivaleut  to  that  which  would  be  prtHlucetl  bv  a  ii'll  ot"  sulphate  «if 
copper.  Neither  the  friction  of  two  nu'tals  ag:iinst  each  other,  nor 
that  of  two  insulatoi-s,  c:in  pHnluce  any  charge.  The  selenium  curivnt 
flows  through  the  electrometer  from  the  unrublH><l  to  the  rublMil  mU'- 
nium,  consetpicntly  the  di>eng:igement  of  electricity  c:»nuot  Ik-  attri- 
buted to  tlu'  heat  wliiih  accompanies  tiie  friction.  — (bmy/^  Rend.      C. 
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The  Civil.  Engineer's  Pocket-Book.     By  John  C.  Trautwine. 
Fifteenth  thousand.     188]. 

The  question  has  frequently  l)een  asked,  "■  Wliat  becomes  of  all  the 
pins?"  It  might  almost  as  well  be  asked  in  reference  to  this  well- 
known  and  useful  work — one  which  might  be  supposed  to  be  used 
by  the  comparatively  few  only,  but  which,  from  the  extensive  demand 
for  it,  must  be  much  more  widely  used  by  other  technical  men  than 
civil  engineers,  for  whom  it  was  originally  designed.  The  present 
edition — the  second  one  this  year — has  been  carefully  revised  and 
enlarged,  errors  of  earlier  editions,  typographical  and  otherwise,  cor- 
rected as  far  as  noticed,  although  a  few  comparatively  unimportant 
■ones  still  remain. 

Amono-  the  articles  added  that  on  "Centres  for  Arches"  will  be 
found  a  verv  useful  and  instructive  one  for  engineers  particularly  the 
laroe  number  who  have  not  had  the  practical  experience  of  the  veteran 
author  oiving  as  it  does  examples  of  defective  construction  and  modes 
of  strikino-  centres  to  be  avoided,  as  well  as  examples  of  succes.sful 
construction  and  proportions  desirable  to  be  followed. 

In  o-lanciug  over  the  tables,  in  that  on  page  416,  "Table  of  Radii, 
Middle  Ordinates,  etc.,  of  Curves/'  and  incidentally  comparing  them 
with  some  calculations  of  our  own,  in  the  small  angles  below  10  min- 
utes we  find  some  discrepancies.  As  these  angles  are  hardly  ever 
used  a  correction  would  be  needed  only  for  strict  accuracy;  above 
10  minutes  there  is  no  material  diiference  as  far  as  noticed. 

As  we  learn  that  those  in  this  work  were  computed  from  Mutton's 
tables  of  natural  sines  to  seven  places  of  decimals,  while  ours  were 
found  by  using  Young's  logarithmic  tables  (carefully  compared  with 
those  of  Callet,  Vega,  etc.)  to  the  same  number  of  places  of  decimals, 
the  discrepancies  must  have  arisen  from  the  use  of  the  diflerent  tables 
from  which  the  computations  were  made,  so  the  question  arises,  which 
to  use  natural  or  logarithmic  tables  for  small  angles?  We  prefer 
logarithms,  as  will  be  seen  by  the  following. 

Our  author  has  used  the  following  rule :  Subtract  angle  of  deflection 
from  180°  then  say  as  natural  sine  of  angle  of  deflection  is  to  natui'al 


Sept.,  1881.]  Booh  Xoticea.  2ol» 

sine  of  IkiIj  the  remainder  so  is  tli<*  <riv<ii  c/iortl  to  the  nuliiis  n*quire<l. 
Example.  — \a-X  the  angle  of  <h'H«<-ti<tii  \>r  «)-  01',  (Ik.pI  l<in  t<'«'t  (its 
nsnal  in  thf  t:il)le),  required  the  radius. 


180°  —  O''  or  -=-  2  =  89°  09'  3(J" 

,p,  nat.  sine  0°  or  .        89°.,,,.,,,,,     chonl        radius 

^''•■"-'^•000290!.  "at.s.ne,     ^     '^^^    '^0    :  :  j^^^         ;m7.;o-74 

Our  practice  is  to  use  logarithn»s  according  to  tlie  foMowing  formula: 
As  tlie  chord  of  tlie  arc  is  100  feet,  in  setting  out  stations  on  :i  curvi- 
the  sine  will  he  one-half  that  =  50  feet,  and  as  the  angle  of  dctjcftion 
1)  is  one- hall"  the  angle  at  the  centre,  known  a-;  the  "degree  »if  curve," 

■\ve  will    have  .  •  .  /!  = — /     — 
sine  y> 

Kxample  l>y  hujdriOtm.H  for  O    Ol'  eurve: 
2)0°  01'  1(»- 

O''  00'  :{o"  L-.g.    Sine.  '^2<J-<J9«;i 
Ar.  Co.  .3-8;i7;]o;J9 

.■)()  feet.  Log.    1-G!)89700 

;U;577I«;4  feet  Radius  rrh'M)'H^\) 

As  the  angle  increases,  the  residts  hy  the  t\«o  methods  apjiroach 
more  closely  imtil  at  o     lO'  they  nearly  corre-^ptuid. 

As  somewhat  similar  discrepancies  were  also  noticed  in  <ome  p<M-ket 
tjd)le  hooks  hy  other  authoi-s,  the  following  will  he  t"<>und  usetui  t"i>r 
■<'orrection  and  coiii|iarison. 


A  null' 

Hy  natural  >iiK'>. 

\\\  l<>t;ari(litiis. 

i.f 

Traiitw  ino. 

('.  H.  K. 

(Ictk-ctiiin. 

Ka<lii. 

Iviiilii. 

0°   1' 

:u;{7<;i 

343771  Mi  1 

2' 

1  7 1  SS( ) 

171887-39 

3' 

11 1:)87 

114r)91o:) 

4' 

.s:j94o 

80942H3 

5' 

<)87;V2 

G87.">4!»:; 

6' 

:u'l\r.\ 

■>72!».")-7s 

7' 

4!»109 

4!nioG.S 

8' 

42970 

rj:i7is4 

9' 

;iSl!»7 

381!)7-19 

10' 

;m;{78 

34377-47 

15' 

22JH8 

22!U8-33 

6°  0' 

!».")■)•  \ 

956-3<)6 
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Our  author  uses  the  terms  ''deflection  distance"  and  "tausrent  dis- 
tance,"  and  we  think  much  confusion  would  liave  been  avoided  if  all 
the  succeeding-  authorities  had  used  tiie  same  terms  to  designate  tiie 
same  functions,  as  his  were  the  first  tables  of  the  kind  published,, 
instead  of  which  we  iind  several  diiferent  ones  used  by  other  authors. 

AVe  hope,  at  some  future  time,  to  follow  up  this  subject  in  a  more 
elaborate  paper.  C  H.  R,. 


Wood-working  Tools;  How  to  Use  Them.  A  Manual.  12mo. 
Boston :  Ginn  &  Heath,  for  the  Industrial  School  Association. 
18.S1. 

This  neatly  printed  and  cloth-bound  book  of  about  100  profusely 
illustrated  pages  "aims  to  give  in  fourteen  chapters  directions  and 
exercises  for  the  use  of  the  wood-working  tools."  While  designed  to 
aid  an  intelligent  and  practical  teacher,  its  illustrations  and  careful 
analysis  of  the  various  j)ositions,  motions  and  operations  should  be  of 
great  use  to  amateur  or  apprentice.  Its  preparation  seems  attributable 
to  Messrs.  Channing  Whitaker,  Raymond  D.  Chapell,  Alonzo  W. 
Folsom,  the  late  C.  H.  Dow,  J.  Phillips  White,  and  E.  L.  Bridgman 
for  the  text;  Frank  Rowell  and  D.  T.  Kendrick  having  prepared  the 
illustrations.  As  it  is,  the  principal  fault  of  the  booklet  is  incom- 
pleteness; the  excellence  of  the  analysis  of  those  operations  which 
are  explained  in  detail,  causing  regret  tliat  so  many  exenjises  are 
merelv  indicated,  not  carried  out  in  detail. 

The  book  would  have  been  more  accurate  had  it  stated  the  diifer- 
ence  required  for  saws,  plane-bits  and  augers  for  hard,  soft,  clear  and 
gummy  woods,  and  modern  carpenters  would  prefer  to  see  a  less 
ancient  plane-stock  than  that  chosen  throughout. 

Such  books. are  useful,  and  this  one  in  particular  deserves  wide  sale 
and  constant  use  among  those  for  whom  it  is  intended.  R.  G. 


Erratum. — In  the  abstract  of  ]\Ir.  R.  Grimshaw's  paper  on  "Air 
Compressors,"  June  number  of  the  Journal,  in  the  paragraph 
referrino-  to  the  Ingersoll  Compressor,  the  words  "vertical"  and 
"closed  with  springs"  should  be  omitted. 
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iXI'KlMMKNTS  on  tin:  STKKXCTH  ni    \VI;(U  (.111    li;(K\ 
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]\\    ('.   IJ.   IJ'ii  I  kli;.   l',i--i.l    .\~~i-t.iiii    I'.ii-iii.  <  r  1'.  S.   X;iv\  . 

Ill  tlic  followiiii:  |t:i|K'r  an  ;uh'<iiiiii  will  \h-  given  «•!"  cX|H.Tiiiu.'iits 
nia»l<'  i)V  Dr.  .Iiiliiis  K(»llin:mn  in  1S77-7.S  on  the  stivngtli  of  \vri»n<;lit 
iron  and  lii'ss('in<'r  steel  at  lii^^Ii  temperatures,  and  the  results  olitained 
l)v  liiiii  will  l)c  eoinparetl  witli  tlio^e  oKtainetl  in  previon>  investit^a- 
tions  of  the  same  snltjeet. 

Kollmann's  e.\j>eriment>,  descrihed  In-  him  in  a  prize  e>.siy  erowne<l 
l»v  the  "  N'erein  /nr  liolorderting  des  ( JewerhHeisses,"  1S78,  were  «ir- 
rie<l  on  at  tlu'  iron  worlo  nl  the  *'(  Jiitehot]nnnp^hritte,"  at  Olx^r- 
iiansen,  Rhenish  I*riissia.  Besides  nnmerons  tests  of  the  tensile 
strength  of  iron  and  stitl  at  teni|>er:itiues  ninging  U'tween  70  and 
2(KM>  degrees  Fahrenheit,  Kollmann's  exjK'riment.s  (>t>mprisetl  invi-sti- 
gtitions  of  the  resistanee  of  these  materials  t«»  ounpres.sion  in  the  pn>- 
ces^s  of  rolling  them  into  l»ar>  and  mils,  and  of  vari«»ns  other  tpustions 
of  great  praetii-al  importanee  in  the  mannfarttiri'  of  roileil  iron.  The 
present  |)ap«'r  will  l>e  limitetl  t«»  a  eoiisidenition  of  the  ten-ile  t<->ts. 

Two  maehines,  a  larger  and  a  sntaller  one,  were  tisi^i  in  nuiking  the 
t<nsil(  tests,  so  that  caeh  might  ehin-k  any  trior  in  the  results  olttainoti 
Wholk  No.  \\>l.  CXI  I. —(Third  !Seki»>.  Vol.  Ixxxii.)  16 
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with  the  other  one;  botli  gave,  however,  closely  agreeing  results. 
They  were  always  carefully  examined  and  adjusted  before  the  com- 
mencement of  each  experiment.  In  the  smaller  machine  the  strain 
Avas  a^jplied  to  the  test  piece  by  means  of  a  hydraulic  pump  and  was 
measured  by  weights  on  a  scale  beam.  In  tlie  larger  machine  the 
strain  was  produced  l)y  the  direct  application  of  weights  to  a  beam, 
the  stretch  being  taken  up  by  means  of  gearing,  operating  upon  a 
screw  connected  with  the  lower  holder  of  the  test  piece. 

For  the  smaller  machine  the  test  pieces  were  made  of  round  and 
square  bars,  turned  or  filed  exactly  to  the  following  dimensions,  viz. : 
0*59  inch  square,  or  0"51  inch  diameter  in  the  body  for  a  lengtli  of 
9  inches,  their  total  length  being  11  inches. 

For  the  larger  machine  the  test  pieces  were  cut  out  of  broad  flat 
iron,  the  strain  being  always  applied  in  the  direction  of  the  fibre. 
They  were  made  1'57  inches  wide  by  0  39  inch  thick  for  a  length  of 
1*38  inches  or  2'56  inches,  the  shorter  specimens  being  used  for  the 
higher  temperatures,  because  the  stretch  of  the  longer  specimens  could 
not  have  been  taken  up  in  the  machine. 

The  test  pieces  for  the  smaller  machine  were  heated  throughout 
their  whole  length  in  a  coke  fire.  Gi'eat  care  was  taken  to  heat  the 
specimens  evenly  throughout.  A  duplicate  specimen,  having  exactly 
the  same  shape  and  dimensions,  was  heated  each  time  in  the  same 
manner  to  the  same  degree  as  nearly  as  could  be  judged  from  photo- 
metric measurements  by  means  of  colored  glasses.  This  duplicate 
specimen  was  used  for  determining  the  temperature  of  the  test  piece. 

The  larger  test  pieces  were  heated  in  a  forge  over  a  length  of  1'38 
inches  or  2'56  inches,  the  ends  being  kept  cool  by  wet  coal.  A  piece 
of  iron  having  the  same  dimensions  as  the  heated  portion  of  the  test 
piece  was  heated  at  the  same  time  to  the  same  degree,  as  nearly  as 
could  be  judged,  and  was  used  for  determining  the  temperature  of  the 
test  piece. 

The  elongation  of  the  test  pieces  under  a  strain  was  measured  by 
means  of  an  instrument  called  l)y  Kollmann  a  "  multiplicator."  It 
consisted  of  two  levers  connected,  like  a  pair  of  tongs,  by  a  bolt  which 
served  as  a  common  fulcrum.  The  proportion  of  the  short  and  long 
arms  of  each  lever  was  as  one  to  ten.  The  ends  of  the  short  arms 
were  provided  with  jaws  fitted  with  set-screws,  by  means  of  which 
the  instrument  could  be  attached  quickly  to  the  heated  test  piece  after 
it  was  secured  in  the  testinjij  machine.    One  of  the  long  arms  carried  at 
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its  cxfrorne  tiid  an  arc  on  whirli  a  scale  \v;i.<  marked,  ami  wliicli  j):L>.-<*tl 
tliroiij^h  an  opening;  in  tiie  rnd  of  tlu'  oth»*r  long  arm.  Wlim  the 
scale  of  the  an-  marked  zero,  the  «'entres  of  the  jaws  of  the  two  short 
arms  were  I'.'W  inches  apart,  and  any  incre.L-f  of  thi-  di>tance,  magni- 
fied tenfold,  wiLS  eitsily  nxid  <»tf  on  the  scale. 

The  temperature  of  the  t«'st  j)ieees  w:is  <letermine<l  hy  means  of  a 
calorimeter,  consisting  of  a  well-insulated  cop|>er  cylinder  containing 
<'xactly  two  litres  of  water  and  j)rovi«le«l  with  a  cover  to  prevent  lf>ss 
of"  water  hv  vaporiz:ition.  i'hc  duplicate  test  pief-e,  heate<l  as  d«"><TilH'<j, 
was  <lropj>e<I  into  the  c:dorim<'ter  at  the  exact  moment  when  tht-  strain 
Mas  applie<l  to  the  test-piece.  The  water  wa-^  stirrp«l  till  the  itni|Mni- 
ture  of  the  whole  nuu*s  and  of  the  tJ-st  j>ic<-e  wa>  equaliznl,  and  the 
rise  of  temperature  was  measure<l  l>y  a  cjin-fully  test«il  thermometer. 
The  «ilorimetric  values  of  the  copjK'r  cylinder,  of  the  stirrer  and  of 
the  thermometer  had  l)een  d<'termineil  and  reduced  to  an  ecjuivalent 
"Weight  of  water.  The  loss  of  heat  l>y  radiation  from  the  t-ilorimeter 
w:is  foun<l,  l)v  ex|)eriment,  to  he  too  insigniHc:int  to  affect  .sensibly  the 
results  ohtainetl.  To  fin<l  the  tem|M'rature  of  the  te^t  piectrs  from  the 
rise  in  tein|>er:iture  uf  the  e-.dorimeter  a  s<>t  of  tables  were  use<l.  whieh 
■were  pnl)li^h(<l  in  llie  "' /eits«-hrift  I)euts4'her  Ingenieure,"  IsTo. 
These  tai)les  are  l>a>»-d  on  the  following  formula  for  the  mean  sj)c- 
•cific  heat,  ('„,  of  wrought  iron  in'twi-en  the  temperatuns  7'  an«l  (  in 
<legrees  of  the  (vntigra<le  thermometer,  viz.: 

The  temperature  of  the  test  piinv  at  the  commencement  of  the 
i'Xperiment  being  thus  found,  it  b«i':une  ne<vssarv  to  determine  how 
niueli  it  ('(Miied  otl"  during  the  experiment.  F<>r  this  purjxise  numer- 
ous experiments  w«  re  ma<Ie  with  the  two  forms  of  s|HH'imen>  iiMtl  in 
the  testing  machines.  Their  Initial  tem|H'tature  and  final  temiKniturc 
after  exiK>stjre  to  the  air  for  a  known  length  of  time  were  mea.<uretl ; 
the  residts  thus  obtainitl  being  plotteil  by  laying  down  the  lengths  of 
the  time  of  exp<>sure  as  al»s<'issie  and  the  corresjHinding  tem|K'nitun?!* 
Its  ordinates,  a  curve  was  obtainetl  for  ea«'h  of  the  tw«)  forms  of  sjHH.»i- 
mens,  repri>senting  the  law  of  cooling  on  exjxt.-'Ure  to  tlu*  air.  From 
thi'se  curves  the  final  an«l  mean  tcm|Knifures  of  the  sjHt-imens  iluriiig 
the  tests  were  de«luce<l.  In  order  to  verify  the  ri'sults  thus  obtainerl, 
the  final  tem|>erature  wa-*  direi'tly  determineil  in  a  numl>cr  of  cases 
by  (hopping  one  of  the  l>rokeu  parts  of  the  test  piece  into  the  c:ilori- 
ineter. 
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The  mean  temperature.s  found  in  tlie  above  de.seribeil  manner  were 
entered  as  the  temperatures  at  M'hich  rupture  took  place.  The  rapid 
fall  of  the  limit  of  elasticity  and  the  great  reduction  of  the  cross  area 
of  the  test  pieces  at  high  temperatures  made  it  necessary  to  reduce  the 
differences  between  the  initial  and  final  temperatures  as  much  as  pos- 
sible, and  for  this  reason  the  tests  were  made  as  rapidly  as  possible: 
the  average  duration  of  each  test  was  but  a  little  more  than  lialf  a 
minute. 

No  allowance  Avas  made  f<»r  any  difference  in  the  specific  heats  of 
wrought  iron  and  Bessemer  steel;  the  resulting  errors  in  the  determi- 
nations of  temperature.s,  ho^vever,  could  be  but  trifling. 

Three  kinds  of  iron  were  tested,  viz. :  Fibrous  wrought  iron,  fine- 
grained wrought  iron,  and  Bessemer  steel.  All  the  te.st  pieces  were- 
taken  from  the  ordinary  stock  manufactured  at  the  works  of  the 
"  Gutehoffnungshiitte,"  and  not  from  .specially  selected  material. 

A  chemical  analysis  of  the  specimens  gave  the  following  meaii 
results,  viz.: 

Be.^semer  steel. 

0-23 
0-30 
0-09 
0-05 
0-86 
0-07 
98-40 


Fibrous 

Fine-f^rained 

Wrought  iron. 

AVrougiit  iron. 

c,    . 

.     0-10 

0-12 

Si, 

0-09 

0-11 

p,  . 

.     0-34 

0-20 

^, 

0-03 

trace 

Mn,. 

.     0-07 

0-14 

Cu, 

0-07 

0-06 

Fe,   . 

.  90-30 

99-36 

100-00 


99-99 


100-00 


Specific  gravity,  .     7-62  7-69  7-84 

The  fracture  of  the  fibrous  wi^ought  iron  exhibited,  as  indicated  by 
the  name,  a  long  fibre,  but  with  traces  of  a  coarse  granular  structure. 
The  fracture  of  the  fine-grained  iron  was  rather  fibrous  than  granular 
in  appearance  in  consequence  of  the  great  reduction  of  the  bars  in  the 
rolls.  The  Bessemer  steel  had  a  very  even  texture  and  a  rather  light 
shade  of  color. 

The  square  and  round  iron  bars  for  the  small  test  pieces  were  rolled 
from  single-piled  hammered  blooms.  The  broad  flat  bars  for  the  large 
test  pieces  Avere  rolled  from  double-piled  hammered  blooms.  The  steel 
bars  were  twice  heated  in  rolling. 
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A  iiiiinhcr  ul'  t4-.<<t.-<  iiiailc  at  onlitiarv  ti-in))«Tatiinrs  witli  Ixitii  iiia<-liiiies 
gave  c.lcwoly  i\gwvm\r  rf.siilt.s,  sliowiiij^  that  tin*  inat<rial.>i  wen-  of  a 
tiniionii  quality.  Kadi  of  tlieso  tests  lasted  from  ')  to  1  }  iiiiiiiit4!s. 
Tlic  iiifati  results  ut"  tlirsc  ••xporitiirtits  wvTQ  as  follo\v.«,  viz.: 


ril>r<>im 

l-ii..- 

L'l 

l: ...L-r 

1 

Iron. 

1 

ol'KJI 

.">t|-'.'_' 

>i^26 

;j.S'J.s(» 

.\\nv.\ 

r,'A)2\) 

1 7-0 

•JO- 

1 1-.') 

2(>L' 

I'.Vll 

li'J'li 

Mudiiliis  of  niptiirr,  in  il»>  jkt  ~(|.  in. 

Limit  of  clastirity, 

Klon^^ation  after  niptnre,  per  cent  , 
•(-ontraetion  of  cross-section,  per  cent., 

Kollmani)  ^ivj-s  tal)N"S  showing;  the  re>iilt>  <>f  experiments  <>n  th*» 
t^jn.silc  streii;;th  of  thcjHi  materials  at  hi<»'h  tem|H'ratnrt>,  comprisiii<«;  52 
tests  of  fihrous  wroiitrht  iron,  .'58  K'st.s  of  fine-^raiiie<l  iron,  and  -{T  tests 
of  l}es.semer  st(?el,  hetween  the  temjK'ratiires  of  US  dei^m's  and  I97l> 
degre<!S  Fahrenheit.  Jle  also  «;ivt?s  tables  showing;  tiie  mi-.in  values  of 
the  mo<]ulns  of  rupture  for  each  material,  exprcsx-^l  in  per  centum  of 
the  njodulus  uf  rupture  at  ordinary  atnnoplicric  tem|»erature,  tor  each 
. inerea.se  of  oO  decrees  ccntisxrade  in  tcinpcrature  from  0  to  1  1(M) 
(legrcHis  centigrade,  and  i^raphical  representation-,  of  tln-sc  mean  values. 
KollnmnnH  i:.,,H.ri.,M.nU».  Franklin  I nstiluU- 
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The  diagrams  on  the  plate  accompanying  the  present  paper  represent 
these  mean  values;  the  temperatures  in  degrees  Fahrenheit  being  laid 
down  as  abscissae,  and  the  corresponding  relative  mean  values  of  the 
modulus  of  rupture  being  represented  by  ordinates.  In  the  alx)ve 
table  the  second,  third  and  fourth  columns  contain  the  heights  of  these 
ordinates  corresponding  to  the  temperatures  given  in  the  first  column, 
or,  in  other  words,  the  relative  mean  values  of  the  modulus  of  rupture 
in  Kollmann's  experiments. 

Column  five  of  the  foregoing  table  contains  the  results  of  experi- 
ments carried  on  by  a  committee  of  the  Franklin  Institute  in  the 
years  1832-36,  corrected  as  will  be  described  further  on.  The  same 
are  represented  graphically  on  the  plate  accompanying  this  paper, 
where  the  results  of  experiments  conducted  by  Fairbairn,  Styflfe,  and 
the  British  Admiralty  are  likewise  plotted. 

Comparing  the  plotted  results  of  these  experiments  we  observe  the 
following  facts,  viz. : 

1.  In  Kollmann's  experiments  the  ultimate  tensile  strength  remained 
unchanged  till,  in  the  case  of  fibrous  wrought  iron,  a  temperature  of 
200  degrees  Fahrenheit,  and  in  the  case  of  fine-grained  iron  and  steel 
a  temperature  of  400  degrees  Fahrenheit  was  reached ;  and  after  these 
limits  of  temperature  were  passed,  the  ultimate  tensile  strength 
diminished  rapidly.  On  the  contrary,  all  the  other  experiments,  with 
but  a  single  exception,  show  a  decided  increase  of  tensile  strength  at 
temperatures  higher  than  the  ordinary  atmospheric  temperatures;  this 
increase  of  strength  differs  greatly  in  quantity  with  different  materials, 
and  is  frequently  irregular,  but  it  generally  attains  its  highest  value  at 
temperatures  lying  between  400  and  500  degrees  Fahrenheit. 

2.  At  higher  temperatures  the  ultimate  tensile  strength  diminishes 
in  a  rapidly  increasing  ratio  till,  in  the  case  of  Bessemer  steel,  a  temper- 
ature of  about  775  degrees  Fahrenheit,  and  in  the  case  of  wrought 
iron,  a  temperature  of  about  1000  degrees  Fahrenheit  is  reached, 
when  the  decrease  of  strength  continues  in  a  greatly  diminished  ratio, 
which  soon  becomes  approximately  uniform  and  continues  thus  as  far 
as  experiments  have  been  carried. 

The  curves  representing  this  decrease  of  strength  of  diiferent  mate- 
rials with  increase  of  temperature,  though  diverging  widely  at  many 
points,  exhibit  remarkable  similarities  in  their  general  features. 

It  is  to  be  remarked  that  Kollmann  himself  attaches  the  most 
importance  to  the  results  of  his  experiments  at  temperatures  exceeding^ 
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570  (Ic^rrcc!-  I''alinTili<'it.  Tlic  tots  inadf  Ix-low  that  tcrnporatiiro  were 
few  ill  iiiiiiiImt;  luit  as  liny  ^javc  results  sliowin^r  :i  (•••rtaiii  nj^iilarity, 
he  ooiisidcnd  ihnn  siifliciciitly  trustworthy  to  use  thrrn  in  layiiij; 
(l(»\vn  his  ciii-vcs. 

A  ."-iiiiilaf  stalciiHiii  i>  inado  in  the  i<|i'>ri  ul  ihr  <"iiniiiit<<'  nl"  the 
I'^raiiUlin  Itistitiilc  <»ii  the  "Strength  of  .Materials  cinpIovcMJ  in  tin- 
( 'oii-l  riui  jdii  <(('  Sicaiii  jliiilcrs,"  \I/.,  that  tin-  tests  ltet\ve«-u  the  tein- 
IHiatiH'es  ol"  zero  and  .'>"J0  <le<j;rees  Fahrenheit  were  n«»t  snllieiently 
numerous  to  dcterinine  exaetly  the  shape  of"  the  portion  oi*  the  eurve 
corresponding  to  those  fein|)C'ratnrcs.  TIm'sc  c.xjM'rinicnts  will  Im-  di.s- 
enssed  more  particularly  further  on;  at  present  we  will  only  remark 
that  in  tlu'se  experiment-  the  inen-ase  of  stren^rth  at  temperatures 
U'tween  4(H>  and  oSO  de;^i-ee-  Fahrenheit  over  the  strength  at  ordinary 
atmospheric  t<'mpei'ature>  was  so  marked  that  it  was  used  as  the  brusis 
for  a  mathematical  expre>>i<»n  of  the  law  aceonlinii;  to  which  the 
de<'re5ise  <»f  strenjrth  at  liiLiher  tem|)eraliire>  apparently  t(»ok  plaee. 

StyfleV  ex|)erimcnts  were  made  with  n>iiiid  and  ^<piare  l»ar>  i>f  iron 
and  steel,  haviiiu-  a  diameter  of  about  one-half  inch.  The  stj-el  bai"s 
contained  fi-nm  (y'.V.\  to  l-JI  per  cent,  carbon.  'I'he  tc>it  pieci-s  were 
immei-scd  in  a  iiath,  the  temperatiu'e  of  which  was  mea>ured  by  tluT- 
mometers.  'I'ests  wer*-  made  at  low  temperatures  as  well  :u<  at  hij^li 
temperatures,  vi/.,  rariL'^iuL;"  from  10  dcii^recs  Fahn'uheit  bihur  zero  to 
•112  de;i;ree.-  h'ahi'etdieit  (t/toir  zero.  The  increase  of  strength  with 
inci'easc  dl'  temperature  \aried  i:;reatlv  not  oid\  for  diMcrent  matc'rials, 
but  in  dilli-rent  bars  of  lhe>ame  brau<l  and  ot'the  same  chemical  <'om- 
position  as  far  as  ascertained.  .Vs  each  indivi<lual  bar  furni-hdl  only 
a  few  test  pier's,  we  cannot  determine  the  ni/r  at  whieh  tin-  incrcaM- 
of  strcn<;th  took  jilacc  in  the-!i'  i'xperiments.  In  plottinj;  the  rclativi' 
stren<!;th  at  hijrh  tempcnitures  the  mean  strcnirlh  of  all  th«-  baiN  ttf  the 
same  bnuul  at  onlinary  atmospheric  tempcrafun*  has  been  taken  as 
miil  V. 

Styfl'e  sums  up  the  results  of"  tlioc  experiment>  in  the  toji.iw  inj^ 
words,  viz. :  "Front  these  experiments  on  tcii>iun  at  widelv  ditltrmt 
temperatm'es  we  have  thus  toutid: 

'*  1.  That  the  absolute  stri'Uiith  of"  inm  an«l  .stitl  is  not  «limini>h»«l 
by  eoKl,  but  that,  even  at  the  lowi'st  tem|)eniture  which  ever  tHt-uiN  in 
Swtnlen,  it  is  at  least  as  ixreat  as  at  the  ordinary  temiK'niturc  lalnMU 
(JO"  Fahr.) 

"*2.  That   at   temj>eraturcs  b(»twc(>n  'JlL'    .and  .■'.!»•_*     Fahr.  the  ab<o- 
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lute  streng;tli  of  steel  is  nearly  the  .same  as  at  tlie  ordinary  tempera- 
ture; but  in  soft  iron  it  is  always  greater." 

Fairbairn's  experiments  were  made  with  14  specimens,  all  cut  from 
the  same  bar  of  English  rivet  iron,  |  inch  in  diameter.  The  results 
exhibit  consideraljle  regularity.  The  specimens  were  immersed  during 
the  tests  in  a  bath,  the  temperature  of  which  was  measured  by  a  ther- 
mometer. The  mean  values  of  the  results  for  certain  ranges  of  tem- 
perature have  been  plotted  in  the  plate.  At  ordinary  atmospheric 
temperature  the  strength  of  the  test  pieces  was  63,000  pounds  per 
square  inch. 

One  specimen,  cut  from  the  same  bar,  was  raised  to  a  "red  heat 
visible  in  daylight,"  but  the  temperature  was  not  determined  more 
accurately.  In  plotting  the  result  of  this  experiment  the  temperature 
has  been  assumed  to  have  been  about  1000  degrees  Fahrenheit. 

Fairbairn  has  made  another  set  of  experiments  with  "Staffordshire" 
boiler-plates  at  temperatures  ranging  between  zero  and  395  degrees 
Fahrenheit.  But  owing  to  the  want  of  uniformity  in  the  quality  of 
these  plates,  no  law  of  increase  or  decrease  of  strength  due  to  changes 
in  temperature  can  be  deduced  from  these  experiments,  and  Fairbairn 
himself  concluded  that  between  0  and  400  degrees  Fahrenheit  the 
strength  of  Staffordshire  boiler-plates  might  be  regarded  as  uniform. 
In  one  case  a  plate  was  heated  until  it  became  "perceptibly  luminous 
in  the  shade"  (or  to  "a  scarcely  perceptible  red  heat,"  as  it  is  called 
in  anotlier  place),  and  in  another  case  a  plate  was  raised  to  a  "dull  red 
heat  just  perceptible  in  daylight."  •  No  attempt  was  made  to  deter- 
mine the  temperatures  of  these  plates  more  accurately.  The  results 
of  these  two  experiments  have  been  plotted,  but  the  values  have  to  be 
regarded  simply  as  rough  approximations. 

The  experiments  by  the  British  Admiralty,  tlie  results  of  which 
are  plotted  in  the  plate,  were  made  in  1877  at  Portsmouth  dockyard. 
A  somewhat  meagre  account  of  them  is  given  in  the  "Engineer"  of 
October  5,  1877.  The  strength  of  the  test  pieces  at  ordinary  atmos- 
pheric temperature  was  as  follows,  viz. : 

Remanufactured  wrought  iron  rods,  0*74  inch  diameter  =  58,400 
pounds  per  square  inch. 

Yorksliire  wrouglit  iron  rods,  0*70  inch  diameter  =  59,200  pounds 
per  square  inch. 

I.<andore  steel  strips,  0'74  inch  by  0*49  inch  ::=  76,900  pounds  per 
square  inch. 
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That  iIk;  .stirii;;tli  ul"  \vn>u;;lit  iron  plates  and  l)ars  in<r<:iM>  with  an 
incM'caM!  uf  t^'nipcratiirc  up  to  alxiut  'jOU  (h-^jrec-s  Fahn-nhrit,  ami  that 
the  aiiKiiiiit  :iii(l  rate  of  this  incrcasf  of  gtren^th  with  teinpiTatiin- 
varies  <;n'atly,  not  only  for  dilU'reiit  hraiuls,  hut  for  <lin'«n'iit  s|K'ci- 
inons  of  the  saint*  hrainl,  is  a  \vrll-cstal»ii.-.hc(l  fact;  hut  it  innst  U* 
rronfeased  that  a  satisfactory  explanation  of  this  |)«»ciiliar  In-havior  of 
wroiifxht  iron  <rannot  Im;  «lerive<|  from  the  al)<jve-<lescril»e<l  experiments. 
It  is  \v(!ll  known  that  tin-  resistance  «»f  iron  to  strains  at  «linerent 
temperatures  varies  act'ordin;^  to  its  chemical  con)position  ;  it  i>  only 
nocossarv  to  allndc  to  tin-  iihcnoiiicna  of  I'nhl-nliorlin.ss  and  rul-shnrt- 
iirxs  produced  l»v  the  presence  of  certain  cpiantities  of  phosphorii>, 
Kiilphnr  and  other  iiij^redieiit-.  \\  hen  the  (piantity  of  carlx»n  cmn- 
hined  with  imn  ex(t'e<ls  a  certain  limit,  an  increase  of  temjM'ratiire  is 
not  acc(»mp:inie(|  l>y  an  increase  of  stren<;th.  In  the  British  Admir- 
alty's ex|>erimcnts  cast  iron  was  str  »n<;er  at  ordinary  atmos|»heric  tem- 
j)eratnre  than  at  hi^^her  temperatures.  In  StyMe's  experiments,  dif- 
ferent kinds  of  steel  containiiii;  from  ()•.'{.'{  to  1"I4  per  cent,  of  «-arl>on 
exhihited,  on  the  whole,  no  increase  of  strength  at  hi;;her  tem|M>r:i- 
tiu'cs.  When  tlu-  amount  of  carhon  in  wrouirht  iron  is  0"2I  percent, 
or  less,  its  iidluen<-e  on  the  increa>ed  tensile  streni;th  <>\'  the  test 
pieces  at  hiirher  temperatin'cs  is  not  ap|>arent  in  these  experiments; 
nor  can  a  connection  l»e  traced  hetween  the  amount  of  |)hosj)horus 
present  in  tlii"  iron  anil  the  str«'n<;th  •►f  the  latter  at  hi;iher  temjHT- 
atiires.  Tin;  amounts  of  thesr*  two  siiUstances  in  the  spei-imens  of 
wroiiirht  iron  t<'sted  Kv  Stvlle  were  as  foll(»ws,  viz.: 

Carlmn.  IMuMpluirii.'*. 

Low  moor  iron,  0*21  percent.  0'0<>8  jmt  »vnt. 

iSIotala  iron,  O-'JO  per  cent.  ()*02()  j)er  cent. 

Middleshorou^h  iron,  ()"()7  per  t-i'iit.  (>*'Jo  |H'r  c»'nt. 

.\ryd  iron,  ()-<)7  — OlS  |)cr  cent.        <''_*>  percent. 

It  seems  |)rol)al»le  that  the  property  of  iron  under  c<»nsiderat ion  is 
<l«'j)endent  directly  on  the  internal  structure  of  the  njetal,  and  on  it.s 
<'hemical  compf»sition  mainly  in  si>  far  as  it  determines  to  a  certain 
extent  the  ai;u^rei;:ation  of  the  particles  of  the  metal,  vi/.,  whether  it  Ixj 
fibrous,  «;ramdar  or  crystalline.  To  uiulerstand  clearly  the  strtictund 
ehaiifjes  iinderi^one  hy  iron  in  the  |»roi*»'>s  of  manufa(*tnre  we  must 
know  the  amount  of'  rnluction  it  has  rcccivetl,  or  the  pro|Htrtion  of 
eross-section  of  llu'  pile  or  hloom  to  that  of  the  linishe^i  article.  U'^-ides 
the  manner  in  which,  and  the  toni|>e!^ilnir  .it  wlii.li,  tlie  i<duotion  has 


250  Strength  of  Iron  and  Steel.  [Jour.  Frank.  Inst., 

taken  place.  Tliat  these  conditions  influence  greatly  the  ultimate 
strength  as  well  as  the  elastic  limit  and  the  ductility  of  iron  is  well 
known;  likewise,  that  by  the  process  of  rolling  various  permanent 
strains  of  greater  or  less  magnitude  are  produced  in  every  bar  and 
plate,  in  consequence  of  the  different  amount  of  work  expended  upon,, 
and  compression  experienced  by,  different  parts  of  the  bar  or  plate  at 
the  same  cross-section.  In  steel  bars  and  plates  these  internal  strains 
are  often  so  great  that  only  a  small  additional  strain  is  needed  to  pro- 
duce fracture;  but  these  internal  strains  may  generally  be  relieved  by 
annealing,  as  the  peculiar  granular  or  crystalline  structure  of  steel 
seems  to  favor  a  re-arrangement  of  its  particles  at  moderately  high 
temperatures.  In  the  case  of  wrought  iron  annealing  by  heating  and 
gradual  cooling  produces  a  less  marked  effect  in  this  respect.  Con- 
sidering wrought  iron  plates  and  bars  as  consisting  of  an  aggregation 
of  fibres,  we  may  suppose  that  these  fibres  experience  at  ordinary  tem- 
peratures an  unequal  amount  of  internal  tension,  which  is  relieved  to 
a  certain  extent  as  the  body  expands  and  the  fibres  change  their  rela- 
tive position  in  consequence  of  a  rise  of  temperature;  but  that,  with 
a  fall  of  temperature,  the  fibres  return  to  their  original  position  and 
condition;  and  that  thus  only  during  the  continuance  of  higher  tem- 
peratuies  the  internal  strains  are  diminished  and  external  strains  are 
evenly  distributed  among  the  several  fibres.  On  this  hypothesis  an 
increase  of  temperature  will  produce  an  increase  of  strength  till  the 
weakening  effect  of  the  repulsive  action  of  heat  on  the  molecules  of 
the  body  counterbalances  the  effect  of  a  diminution  of  internal  strains 
and  a  more  equal  distribution  of  the  strains  produced  by  the  load  among 
the  fibres.  On  the  whole,  the  influence  of  temperature  will  probably 
be  the  more  marked,  the  more  fibrous  the  structure  of  the  iron  and 
the  more  work  it  has  received  at  low  temperatures.  Round  and  square 
bars  will  probably  shoAV  the  influence  of  temperature  more  than  flat 
bars  and  plates  under  otherwise  equal  conditions. 

While  these  conclusions  are  consistent  with  the  results  of  the 
above-described  experiments,  they  cannot  be  considered  as  definitely 
proven;  and  they  are  given  here  mainly  to  indicate  in  what  direction 
further  inquiries  into  this  subject  may  be  made  to  advantage.  The 
fact  that  Kollmann,  contrary  to  all  other  experience,  found  no  increase 
of  strength  at  higher  temperatures  does  not  necessarily  indicate  that 
his  observations  were  incorrect  or  his  methods  insufficient;  but  it  may 
have  been   due  to  the  character  of  the  metal  tested  bv  him.     It  is 
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stated  that  tlio  iron  iVoin  which  he  took  his  test  specimens  ent«re<l  the 
rolls  at  a  t('iii()('raliir(;  of  about  2100  (h-j^rees  Fahrenheit,  and  left 
tli(;iM  in  the  linislied  state  at  a  teinpenitnre  of  aiiont  170<'  de^n^es 
J*'alireidieit. 

In  this  eonneetion  it  is  also  interest inir  to  <'oni|tan!  tin-  nsuitn 
obtained  by  Wertheini,  Pisati  and  othi  r>  with  ir<»n  and  st**-!  wire. 
\Ve  select  tiie  followiiiL:;  exain|)le  from  I'isati's  ex|)eriments:  The  wire 
iiad  been  annealed  at  a  dark-red  iieat;  the  .strenj^th  decrciLse<l  as  the 
temj>eratnre  rose  from  'u  t<»  \'1'1  de;;ree8  Fahrenlieit;  then  it  ros«-  u|> 
to  1!I2  degrees  Fahrenheit,  and  fell  again  rapidly  to  248  <legrees,  after, 
which  it  remained  constant  np  to  .'Jll2  degrees,  and  after  falling  slowly 
l<t  -b").")  degrees  it  rose  again  sndtienly  and  tlien  fell  slowly;  bnt  at  "*72 
degrees  Fahrenheit  the  strength  was  still  great<'r  than  at  o7  degree* 
J\ihreidieit.     (See  "  Poggendorf 's  Annalen,"  vol.  i,  1S77.) 

We  have  oidy  a  single  series  <jf  ex[»eriment.s  to  compare  with  Ivoll- 
mann's  tests  at  tem|)er.itnres  exceeding  ')l)0  <legrees  Fahrenheit,  viz.^ 
those  made  by  a  committee  (tf  the  I'^anklin  Irjstitute  in  1832-.*i(J. 
l''oi"  the  details  of  these  experiments  we  have  to  refer  the  reader  t«»  the 
report  of  the  connnittee.  The  manner  of  preparing  the  t<st  pieces^ 
and  the  Mietimd  nl"  euinpntinti-  me.in  values  fntm  the  results  of  these 
early  experiments  are,  no  doubt,  open  to  criti«ism;  but  the  curve 
representing  the  rate  of  decrease  of  strength  of  wrought  iron  at  high 
temperatures,  given  in  the  original  report,  is  so  strikingly  similar  to 
the  curves  ^'presenting  the  residts  of  Kolbnann's  ex|K'riments,  that 
we  are  compelled  to  believe  that  the  general  law  of  the  decrease  of 
stivngth  of  iron  at  high  temperatures  is  correctly  represcnteil  by  the.-e 
'curves.  The  original  curve  representing;  the  residts  i>f  the  Fiiinklin 
ln>titute  experiments  gives,  h«»wever,  a  much  smaller  de<'rea>e  <>f 
>irength  at  high  temperatures  than  that  foun«l  bv  Kolbnann's  ex|M'ri- 
ments;  but  a  closer  iiivotigatinu  shows  that  {\\'\>  discrepancy  «lid 
not  exist  between  the  <icttial  residts  of  these  two  sets;  of  exin-rimcnts, 
as  will  be  seeti  from  the  following,  viz.: 

In  the  report  of  the  Franklin  Institute  cxperiment.s  the  strength  at 
high  temperatures  is  not  compare<l  iliitn-tly  with  the  strength  at  onli- 
nary  atmospln'rie  temperattu'c,  but  with  a  stanilani  of  mnximttm  (rmi- 
ritif,  which  is  assumed  to  be  l')17  percent,  greater  than  the  tetuu'ity 
of  the  specimens  at  ordinary  atmosuherie  tem|H.'raiure,  t'or  this  wa.«» 
found  to  [)e  llu'  mea>i  of' the  highe<t  increase  ol"  tenacity  c«»rre>|M»ntling 
to  an  increase  of"  temperature  ai)ove  atmospheric  tem|>erafMre.  dttiu«-»il 
from  a  large  mnnber  of  tests. 
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In  lavino;  down  the  corrected  curve  of  the  Franklin  Institute 
experiments  in  this  paper,  the  tenacity  of  iron  ut  ordinary  atmospheric 
temperature  has  been  taken  as  unity. 

Further,  in  tlie  Franklin  Institute  experiments  the  test  ])ieces  were 
kept  immersed  in  a  hot  batli,  and  when  the  temperature  of  the  bath 
was  too  high  to  be  accurately  measured  with  a  mercurial  thermometer, 
it  was  determined  in  the  following  manner,  viz. :  A  piece  of  iron  of  a 
known  weight,  which  had  been  kept  immersed  in  this  hot  bath,  was 
plunged  into  a  vessel  containing  a  known  weight  of  water  of  a  known 
temperature;  the  weight  of  water  va])orized  in  this  manner  was  used 
for  computing  the  terajierature  of  the  piece  of  iron  corresponding  to 
the  temperature  of  the  bath  and  of  tiie  test  piece;  but  in  making  this 
computation  the  latent  heat  of  steam  of  atmospheric  pressure  was 
assumed  to  be  ir)37  decjrees  Falirenheit,  instead  of  966  deg-rees  Fall- 
renheit,  as  determined  subsequently  by  Regnault;  and  the  specific  heat 
of  iron  was  taken  to  be  0"11336  and  uniform  for  all  temperatures, 
while  according  to  the  formula  by  which  Kollmann's  temperatures 
were  determined  the  specific  heat  of  wrought  iron  is  much  greater  at 
high  temperatures.  In  consequence  of  these  differences  the  tempera- 
tures given  in  the  report  of  the  committee  of  the  Franklin  Institute 
are  much  greater  than  those  calculated  by  Kollmann's  formula.  In 
laying  down  the  curve  in  the  present  paper  the  temperatures  have 
been  corrected  by  using  the  constants  used  in  Kollmann's  computations. 

For  tem])eratures  above  500  degrees  Fahrenheit  the  corrected  curve 
of  the  Franklin  Institute  experiments  agrees  to  a  remarkable  degree 
with  Kollmann's  curves,  especially  with  the  curve  for  fine-grained 
iron,  which  it  intersects  twice  and  to  which  it  is  tangent  at  the  point 
^corresponding  to  a  temperature  of  1000  degrees  Fahrenheit.  A  note- 
worthy fact  is  that  at  the  point  corresponding  to  this  same  tempera- 
ture both  curves  representing  Kollmann's  tests  of  wrought  iron  as  well 
as  the  Franklin  Institute  curve  change  suddenly  in  direction  and  in  a 
similar  manner.  The  Bessemer  steel  curve  exhibits  a  nuicli  more 
rapid  decrease  of  strength  than  the  wrought  iron  curves,  and  its  change 
of  direction  takes  place  at  a  temperature  of  about  775  degrees  Fah- 
renheit. 

It  is  a  very  interesting  fact  that  the  range  of  temperatures  (viz., 
from  500  to  1000  degrees  Fahrenheit)  for  which  these  curves  exhibit 
such  a  remarkable  rate  of  decrease  of  tenacity,  coincides  almost 
exactly  with   that  at  which    wrought   iron  and  mild  steel  possess  a 
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nMiiurkahle  weakness  willi  rcsj>('<i  to  |j(:nrus.>^ivo  torce-^,  a.>  \va>  Hr-t 
aimomieed  hv  Daiiiol  A<lani<oii  in  a  paper  roa<l  l)efbro  the  Iron  ami 
Steel  Institute,  from  wliidi  we  (piote  the  f(>no\vin«;: 

"Ncdt'fif  all  nrdiniirji  Oar  mid  hi/ilcr  irmi  (iiid  uiild  nttcls  icill  tndnn- 
('(niy'iderdbh  pc  re  until  rr  forcr  when  cold,  and  up  to  Jf'iO  det/reof  Fidiren- 
litil,  (tj'tir  wliH'li,  (itt  t/n:  Ik  at  in  increased,  jjrohahli/  to  near  /W/  dn/reeit 
Iuilir<  nlaif,  tliei/  are  all  more  or  lem  treacheroux  and  liiddr  to  hrial:  up 
nuxhhidi/  1/1/  /icrrussire  action.''  (See  ''Journal  nl"  fhf  Iimm  hihI  Si.cl 
I  list  it  lite,"  No.  L',  1878,  p.  ;U)().) 

At  liijijher  temperatures  these  inetiils  are  tree  110111  this  sin^jular 
weakness.  Achunson's  observations  Iiave  l)een  verified  l»v  later  <x|>eri- 
ineiits  made  hy  the  British  AdmiraUy. 

Unfortunately  we  possess  hut  very  st'ant  information  re^ar<ling  the 
effect  of  lii<rh  temperature  on  the  ductility  and  the  limit  of  cla.~ti<-it\- 
of  wroufrht  iron  and  steel, 

StyUe  found  tV<>m  his  experiments  "that  neither  in  sK-el  nor  in  iron 
is  the  e.ctensil}iliti/  less  in  severe  cold  than  at  the  ordinarv  temperature; 
hut  that  from  2GG  to  o2<)  (h'^rees  Fahrenheit  it  is  generally  dimiiii-hcd. 
not  to  any  ;;reat  extent,  indeed,  in  steel,  hut  considerably  in  imn/'and 
"that  the  liniif  of  eldJilicifif  in  hoth  steel  and  imn  lic^  lii<jjher  in  sj-vere 
cold;  hut  that  at  ahoiil  2.S  J  de<rn>(s  Fahrenheit  it  is  lower,  at  lea^l  in 
iritii,  than  at  the_  ordinary  temperature." 

It  iiui<t  Ih'  rememltered  that  in  Stylle's  experinu'iits  the  >tei-U  con- 
tained from  O'o.'J  to  I'l  t  |>er  cent,  of  carhon. 

The  following  tahli'  i-xhihits  the  <hictility  of  the  uroiiirht  iron  and 
steel  spi'cinicns  teste<i  hy  the  British  Admiralty  at  I'ortsniouth  d<Mk- 
vard  in  1S77.  The  second,  third  an<l  fourth  column^  contain  the 
elongation  of  the  specimens  after  rupture,  ex|)re<>ei|  in  per  cent,  of 
the  orii^inal  length  of  1(»  inche,-. 

Iron.  L:iiuli>rc 

York.-liiii'  IJihI-.       Siftl  Strij»«. 

25-  •_'(;• 

•_M-Jo 

17-2:)  22-0 

7o  \\-2r* 

15-  lo-2o 

l:i-7o  1(1- 


Ti-miKTatiirt' 

\Vr. 
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•attire. 

22" 
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The  manner  in  wliich  Kollmann's  experiments  were  made  did  not 
permit  an  accurate  determination  of  tlie  ductility  of  iron  at  high  tem- 
peratures. The  general  conclusion  drawn  by  him  from  the  results  of 
his  experiments,  which  are,  however,  very  irregular,  is  that  the  elong- 
ation increases  with  a  rise  of  temperature  up  to  850  degrees  Fahren- 
heit for  wrought  iron,  and  even  higher  for  Bessemer  steel.  He  pro- 
mises to  give  further  investigations  of  this  matter  at  a  future  day. 

Kollmann's  method  of  heating  his  test  pieces  in  a  furnace  and 
allowing  them  to  cool  off  during  the  process  of  testing  was  obviously 
defective,  and  the  results  obtained  by  him  can  only  be  regarded  as 
rough  approximations.  Although  the  tests  did  not  last  more  than 
half  a  minute,  the  specimens  cooled  off  fully  100  degrees  Fahrenheit 
at  the  higher  temperatures;  and  even  a  difference  of  50  degrees  Fah- 
renheit would  affect  materially  the  tenacity  of  iron  between  the  tem- 
peratures of  500  and  1000  degrees  Fahrenheit.  The  great  rapidity 
with  which  the  tests  liad  to  be  carried  on  was  another  source  of  inac- 
curacies. In  order  to  observe  carefully  and  measure  accurately  the 
effect  of  heat  upon  the  tenacity,  ductility  and  elasticity  of  iron,  the 
specimens  must  be  maintained  at  a  uniform  temperature  by  keeping 
them  immersed  in  a  bath.  This  can  be  readily  done  as  long  as  the 
temperature  does  not  exceed  1000  degrees  Fahrenheit.  Beyond  that 
temperature  Kollmann's  method  of  heating  the  test  pieces  is  probably 
the  least  troublesome  and  sufficiently  accurate. 

The  importance  of  making  further  investigations  of  the  subject 
discussed  in  this  paper  need  not  be  dwelt  upon.  We  wish,  however, 
to  call  the  special  attention  of  manufacturers  of  rolled  iron  and  steel 
plates  and  bars  to  the  immediate  advantages  which  they  may  expect 
to  reap  from  similar  investigations.  Carefully  conducted  and  intelli- 
gentlv  analyzed  experiments  relating  to  the  behavior  of  iron  at  high 
temperatures  will  enable  them  to  estimate  correctly  the  relative  value 
of  various  methods  of  treating  the  metal  in  the  process  of  rolling, 
and  mav  also  throw  some  light  on- the  obscure  causes  producing  those 
internal  strains  which  often  render  rolled  iron  of  very  uncertain  value 
with  regard  to  strength,  ductility  and  elasticity. 

References:  "Ueber  die  Festigkeit  des  erhitzten  Eisens,"  von 
Dr.  Julius  Kollmann;  Berlin,  1880.  ''Useful  information  for  Engi- 
neers" by  W.  Fairbairn;  second  series.  "Iron  and  Steel,"  by  Knut 
Styffe;  translated  from  the  Swedish  by  C.  P.  Sandberg;  London, 
1869.  "Report  of  the  Committee  of  the  Franklin  Institute  on  the 
Explosions  of  Steam  Boilers,"  Part  II;  Philadelphia,  1837.  "Tena- 
city of  Metals  at  various  Temperatures;"  Engineer,  October  5,  1877. 


Oct.,  1881,]  Thurdon — Erpanxion  of  ^'itenm,  dc.  2o5 


NOTE  UKL.\TI\(;   lo  tin:  IMtOPKIf  MKTIlOl)  ..r  KXPAN- 
SIOX  okS'I'KAM  a.m.  KK^JILA  rioX  or  nii:  KNCINK. 


\\\     l'l:OI  .    l;.    II.     Till    ILSTo.N, 

Iviail  Im  fDrr  tlif  Aiiiirifiin  Snciity  of  Mccliaiiioai  Kuyincfra,  Ailoona 
.MiTtiitK',  Aiign.Ht,  Issl. 


Jt  liMs  \\\\\<^  Ixcii  well  Uiinun,  to  every  <'ii;rin»'('r  ('XjMTiciiiTil  in  tlic 
•const  met  ion  and  nianaLTcnunt  of  the  stcanj  rnt^inf,  that  wlicn  working; 
iindci'  known  coiKlitions  and  at  a  Ld\<'n  jircssiirf  of  *t<ani,  tlicn-  is  a 
certain  latio  of  rx|»ansion  \\ld<'li  drives  hi;;ln'st  ctliriencv,  /.  «".,  least 
cxpendilure  of  fuel  in  proportion  to  work  done.  It  has  also  Ikhmi 
lon^  known  that  I  he  most  eeon<>niie:il  ratio  of  expansirin,  all  thin^ 
considered,  when  stndied  from  the  commercial  >tandpoint,  is  to  l>c 
determined  not  simply  l»y  studyinj;  those  conditions  whieh  atVect  the 
cfliciency  of  the  eni^ine,  Itiit  hy  consideration  of  all  the  elements  of 
cost  of  steam  power,  in<'lndini;  first  co>f,  intf'resi  on  capital  exjM-nd«tl. 
uear  and  tear  and  riMiniiii;  expen'^es  for  fuel  >np|ily  and  manap'inent. 

In  the  design  of  an  »nirii>e  it  thus  Incomes  nteessary,  if  the  <lesi;rner 
wonid  eon^idt  the  hest  interot-  of  the  jMireliascr  of  the  eng;ine,  first 
to  iletermine  as  hest  he  can  what  is  likely  to  he  the  cost  of  each  scries 
of  entrines  of  the  style  pro|>osed  and  of  (graded  sizes;  next  must  Ik* 
determined  the  cost  of  power  in  wei«;ht  of  steam  use<l  in  eaeh  of  tlu!sc 
engines  at  variou>  pressnres  and  ratio-  of  expansion  ;  finally,  l>v  com- 
parison, he  nni>t  select  that  eni^ine  which  at  the  least  ratio  of  expan- 
sion, all  thini;s  considered,  will  \{\\v  the  retpiin-d  power. 

W  hen  the  >icam  pressure  and  the  i-o-t  of  power  in  -teanj  con>nmj)- 
tion  arc  known,  it  heconu's  po.-sihie  to  «letermine  the  Im'>1  jtoint  of"  cut- 
olV.  lint  no  enjxincer  has  yet  heen  ahle  t«>  say  with  (vrtainty  wJiat,  in 
any  niven  <a>c,  will  lie  the  ratio  of  expansi(»n  j^ivlnj;  hii;lK>st  cnici«ncv, 
or  what,  at  any  given  rate,  will  Ik>  the  prohahle  exju-nditure  of  ste:iin 
or  Inel.  The  writer  has  endeavore*!,  in  an  earlier  p:»iH'r,*  t*»  show 
what  are  the  canses  of  this  nncertainty,  what  determines  the  most 
ellicient  ailjusfment  of  expansion,  and  what,  on  the  whole,  have,  in  his 
judgment,  proved  to  l»c  the  nitios  of  expansion  giving  maxiniuni  effi- 

*"On  till-  Kiitio  of  Kxpaiisiiin  at  Maximiiin  KlVnionoy."  Triiw.  Am.  St^n-.  M«vh. 
Kiisry.,  ISSl  ;  Joiirnnl  Tnink.  Inst..  May.  ISSl. 
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eiency,  and,  finally,  what  efficiency  may  probably  be  anticipated  in 
cost  of  steam  and  of  fuel  in  good  engines,  adjusted  for  maximum 
efficiency. 

When  these  points  are  settled  the  engineer  may,  by  a  proper  use  of 
the  factors,  ascertained  as  above  indicated,  determine  what  is  the  best 
ratio  <»f  expansion  to  adopt,  or  rather  what  is  the  best  size  of  engine 
for  the  case  in  hand,  and  what  the  best  type  of  valve  gear  and  regu- 
lating mechanism.  The  size  and  kind  of  engines  is  therefore  deter- 
minable from  a  knowledge  of  conditions,  which  are  partly  physical 
and  incidental  to  construction,  and  partly  commercial. 

The  solution  of  this  second  and  broader  problem  may  be  effected 
either  by  a  tentative  process  of  trial  and  repeated  estimation,  or  by  an 
approximate,  and  for  some  cases — e.  g.,  where  cylinder  condensation 
is  reduced  to  a  minimum,  as  in  efficiently  jacketed  or  in  fast-moving 
engines,  or  at  low  rates  of  expansion — nearly  exact  method,  first  indi- 
cated, so  far  as  the  writer  is  aware,  by  Professor  Rankine,*  who 
applies  to  the  case  one  of  those  beautiful  graphical  constructions  in 
the  devising  of  wliich  he  was  so  ingenious  and  successful. 

This  method  has  been  studied  and  has  been  applied  to  representative 
examples  in  recent  practice  in  steam  engineering  by  Messrs.  Wolff  & 
Denton,t  who  have  shown  that  the  commerciially  profitable  grades  of 
expansion  are  ordinarily  restricted  to  a  very  narrow  range,  and  always 
somewhat  less  than  the  ratio  for  maximum  efficiency. 

Having,  then,  fixed  upon  the  size  of  engine  and  ratio  of  expansion, 
it  is  evident  that  this  ratio  of  expansion  should  generally  be  kept 
invariable,  so  long  as  the  steam  pressure  remains  unchanged. 

The  usual  changeable  condition  with  a  given  engine  is  the  demand 
for  power,  and  to  meet  this  variation  it  becomes  necessary  to  ado])t 
some  method  of  regulation.  The  simplest  forms  of  regulating  appa- 
ratus usually  consist  of  a  "fly-ball''  governor  set  to  operate  a  "throt- 
tle-valve" or  other  kind  of  regulating  valve;  the  most  usual  method 
of  regulation  with  the  better  class  of  engines  is  that  adopted  by  Cor- 
ligy — the  attachment  of  the  go\-ernor  to  the  expansion  gear  in  such  a 
manner  as  to  cause  a  variation  of  the  ratio  of  expansion,  adjusting  the 
point  of  cut-off  to  the  demand  for  power.  This  latter  is  the  most 
sensitive  regulating  mechanism  yet  devised,  and  where  the  variation 


*  Phil.  Magazine  :  Trans.  R.  S.  E. ;    Theory  and   Practice  of  Sliipbuilding ;  Mis- 
cellaneous Papers. 

t  Trans.  Am.  Soc.  Mech.  Kngr's,  1881  :  Tlie  American  Engineer,  1881. 


<>jt,lS81.]  Tlnirstf.n  —  KriKingion  of  Slinin .  ■'•-.  261 

is  siiiall  is  v<TV  <f!<!<*tiv<'  ev«n  at  low  spc***!.-,  'Ih.  \\rii<  r  lia-  <ouii!«*<l 
the  revolutions  (il*  a  Corliss  cii^j^inc  iiiakiii^'  alndit  sixty  revolutions  jkt 
iiiiniitc,  with  steam  at  !•<>  ll>s.  I>y  jriiuire  (7  atinosphereM,  ami  foiiml  a 
variation  of  hut  two  revolution-  jM-r  ininiite  when  the  whole  l<»a«l  w:ls 
thrown  off  or  (»n,  the  niininniin  U-itj;.'  mIk.ih  ;:.'  Im.i-<  -i.<i\v.  r  (lii\iri'_' 
Hhaftin^r)  and  the  niaxiintiin  ahout  loO. 

Sinec,  however,  the  proj>er  mtio  of  expansion  for  the  engine  when 
onee  install<'<l  i«  (leterniin<H|  mainly  hy  the  ste:im  pressure,  and  siiut; 
anv  variation  from  that  point  is  u-^ually  prfxiuetive  of  re<luetion 
of  eflicieney,  it  would  se<'m  that  the  ratio  -hould  Iw  fi\e<l  at  the 
Uest  prop«(rtion  for  the  steam  |»ressure  ad<»|>te«l  and  never  <-han'^'i-«l. 
This  l)ein}^  the  ease,  the  (pi(>.>tion  ari.sc>s,  how  sIkiII  n-'julation  Ik- 
effe<ted  ■.'  The  adjustment  of  a  throttle-valv*'  hy  the  governor  is  inad- 
missible, as  it  involves  variation  of  the  steam  prosnre  in  the  st<-ani 
eliest  and  eonsecjuentiv  reduee<l  eflieiem-v  :  the  stt-am  and  e\pan-ion 
lines  must  he  j)ermanently  fixe<l  for  all  loa»ls. 

It  heeoines  at  on<'e  evident  that  anv  allowable  system  <»f  rej;ulation 
must  now  atVeit  the  hack  pre>-.ure  or  the  cushion  line.  To  throttle 
the  exhaust  l»y  the  action  of  the  irovernor  would  undoul>t«><lly  ;;ive  a 
mcan<  of  rcMulation,  liut  a  co-tiv  oiu- ;  sinee  any  in<Te:is<' of  hack 
|)re.ssure  diirinir  the  exhaust  would  involve  sj-rious  inerea.s<'  in  the 
amount  of  rejected  heat  and  of  waste  of"  power. 

It  then  l)ecotMes  evident  that  the  oidv  ailmissihle  plan  is  the  varia- 
tion of  the  net  power  of"  the  engine  l>y  an  altenition  of  the  «ompres- 
sion  line.  This  is  done  where  one  very  well  known  and  j;enerally 
used  valve  ^ear  is  ado])t(Hl  —  the  Stephenson  Link  .Motion.  When  the 
link  is  down  ilie  nitio  of  exjtansi«»u  is  deti-rmined  l>v  the  lap  and  l«-ad, 
and  i>  usually  not  hiirher  than  \  ;  as  the  link  is  niise<l  this  mtio  is 
increased,  ant  I  with  thi>  chan^«' <»f  the  steam  line«K-curs  a  simultaneous 
altenitiort  of  the  point  ot"  reli':Lse  and  of  elop^nre  of  the  exhaust  p:us- 
S5»<;es,  resultini;  in  inciva.so<l  coinpn'ssion.  This  donldr  rf]W-t  _irive>  the 
imlieator  diai^nun  a  {M^'uliar  m<Hlifie:ition  «)f  form,  familiar  to  engi- 
neers who  have  taken  c:mls  from  the  hn-omotive  or  the  u.sual  type  of 
marine  eni^in*'.  The  snuMithness  of  w«»rkiug  of  sueli  eMpni>  wlieii 
runnini;  with  hiirh  steam  and  a  raistnl  link  Ikis  pn^lwhly  Infii  <»l>s«>rvei! 
hy  all  experience<l  euijimi'rs,  and  it  may  not  have  es<':»|H'»I  noti«f  that 
imder  ^uch  c«tnditions  ilu-  ex|H'iuliture  of  steam  i.s  often  !^»  low  ;ls  to 
indii-ate  some  MUirce  of  economy  other  than  simple  ehange  in  the  ratio 
ot"  expansion. 
Wuoi.E  No.  Vol.  C'XlI.-•^TllIRD  Si;ri»>,  Vol.  Ixxxii.)  17 
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Tlic  writer,  at  least,  when  in  charge  of  naval  steam  machinery  dur- 
ing the  war  of  1861-5,  was  led  to  susjiect  a  gain  from  this  distribu- 
tion of  steam,  which  could  only  be  attributed  to  what  was  considered 
excessive  com])res.sion. 

His  attention  has  recently  been  called  to  this  matter  again  l)y  the 
interesting  results  of  a  series  of  experiments  made  upon  a  large  engine 
fitted  with  variable  expansion  gear.  The  valve  motion  is  so  arranged 
as  to  permit  adjustment  of  compression  without  change  of  either 
steam,  expansion  or  exhaust  lines.  The  results  will  be  reported  in  a 
later  paper.  It  is  only  necessary  here  to  state  that  a  decided  gain  is 
found  to  follow  the  adjustment  of  the  compression  to  a  far  higher 
ratio  than  is  indicated  as  best  by  the  simple  geometrical  conditions 
usually  studied  and  generally  taken  as  those  determining  the  proper 
ratio  of  compression.  This  beneficial  effect  of  a  high  ratio  of  com- 
pression has  been  attributed  by  the  writer  to  the  action  of  the  com- 
pressed fluid  in  heating  the  passages  and  the  cylinder  head  and  piston, 
thus  checking  to  a  very  great  extent  that  initial  cylinder  condensation 
which  is  the  greatest  source  of  avoidable  waste  in  nearly  all  engines. 

It  may  be  asserted  that  the  best  compression,  where  no  such  trans- 
fer of  heat  occurs,  is  not  far  from  that  which  makes  the  ratios  of 
expansion  and  compression  equal,  and  the  engineer  Avill  usually  set 
the  exhaust  valvie  to  close  at  the  point  corresponding  to  maximum 
expansion.  For  the  reasons  just  given,  however,  and  as  shown  by 
direct  experiment,  maximum  efficiency  is  obtained  with  higher  ratios 
of  compression,  and  what  would  have  been  considered  excessive  cush- 
ioning gives  less  loss  than  equal  variation  from  the  point  of  cut-oif 
giving  maximum  efficiency.  As  comin'ession  is  increased,  the  area  of 
the  indicator  diagram  decreases  and  the  work  developed  in  the  engine 
becomes  less. 

It  would  seem,  then,  that  we  have  here  an  admissible  method  of 
regulation  and  one  which  should  be,  on  the  whole,  that  best  fitted  to 
give  high  efficiency,  since  any  excess  of  work  of  compression  results 
simply  in  the  transfer  of  heat  bacik  to  the  steam  side.  The  steam 
engine  should,  tiierefore,  be  worked  with  a  fixed  cut-off,*  so  attaching 
the  governor  as  to  determine  the  point  of  closing  of  the  exhaust 
valve — in  other  words,  making  the  "  cut-off"  operate  on  the  exhaust 


^*The  wi'iter  has  devised  methods  of  aiitoiuatic  readjustment  of  the  ratio  of  expansion 
wlien  variations  occur  in  the  steam  pressure,  which  mctliods  would  in  tlie  case  liere 
taken  replace  the  usual  adjustment  by  the  governor. 
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siilc,  fli(,'  ratio  of  «oii)|)ii«-inii  l»iini;  <lft(riiiiiH<l  \>y  tin*  governor 
inst<.'a«l  ol"  attadiiiig  tin-  nit-otl'  iii«(li:mi>iii  to  tlic  !-ti-:in»  valves?. 
Projx.'rly  ooiiMtnictcd  r<'li<t"  valves  will  pn-veiit  all  tlan;;tr  Inun  tiie 
influx  ol"  water  with  tlie  steam,  an  aeejdent  wliieh,  however,  >hoiiI»l 
never  occur  where  jirovision  is  made  lor  securing  drv  stinim.  \\  ith 
exhaust  ports  heiieath  the  cylinder,  drainage  is  r.irely  imjM'rfei't, 

In  slowly  moving  |uim|»ing  engine-  it  has  s«<metimcs  Ixrt^-n  toiind 
hencfieial  to  extend  <om|>res>i((n  until  hoiler  pressure  is  cxcee<led,  and 
the  writer  has  in<lieator  diagram-  taken  from  such  engine;*  in  wiiich 
the  com|)re>sion  line  <tosscs  the  steanj  line  iK-fore  the  end  of  the  return 
stroke  has  L-en  rea<'hed.  lie  has,  as  prohably  Ikls  every  i-ngineer  who 
has  heen  aeciistniiifd  tn  handle  locomotive  or  marine  engines,  often  set 
th<'  link  motion  so  as  to  give  -iich  high  ratio>  of  expansion  and  eoni- 
pression  as  to  reduce  the  card  to  a  comparatively  narrow  hautl,  with- 
out perceiving  tlie  slightest  evidence  of  ohjecti<»nal)le  loss  of  csmooth- 
uess  of  W(»rking  and  with  decidedly  improved  elliciency.  It  st-iMus  to 
the  writer  doulttful  whether,  in  |»ractice,  ohjectionahle  or  "  excciv-ive" 
c«)njpre.ssion  ever  occurs  in  such  cases,  an<l  the  advantages  of  thi> 
metlnnl  ol"  regulation  and  of  >e<'uring  a  lessenc*!  variahility  in  the 
ratio  of  expan>i<tn  would  appear  t(»  he  decideil  and  to  he  ohtainahlc 
without  meeting  with  seriou-  ditlicultio. 

riic  plan  is  prohahly  not  entirely  a  novel  one  and  mav  have  sug- 
gestcil  itself  to  many  engineer.-  independently  :  hut  no  attempt  ha- 
previously,  so  far  ;t<  the  writer  is  aware,  Ihimi  made  to  determine  ii- 
uclvantages  in  actual  work.  The  writer  indic:»ted  thi-  a-  the  propi  r 
method  of  adjusting  expansion  .some  years  ago,*  and  ha.s  since  had  it 
prescntc<l  to  hini  hy  other  «'ngineers  with  whom  the  thou<jht  wa.-  al-o 
4»rigiiial. 

\\  liere  the  plan  here  ,-uggested  cannot  he  atjopteil  c«»nvenientlv. 
maximum  economy  ol"  steam  >hoidd  U'  ohtaininl  l»\  an  exjmn-ion  gear 
in  which,  as  in  hwouioiive  valve  gear,  incrca-cil  expan-ion  i-  a«xt>m|Ki- 
uied  l»y  increastnl  compre.s.-ioii,  but  without  thatsorious  throttling  along 
the  steam  line  which  usually  chanu"teri7,es  the  distribution  by  the  link- 
motion. 

The  best  among  existing  form-  of  valve  gear  shoidd  Ih'.  if  jiidgetl 
from  the  stand|K»int  here  taken,  that  whicii — i*onibining  a  variable 
•expansion  with  a  variable  <'ompression — is  al-o  cajwble  of  prompt  and 
exact  adjustment  by  a  sensitive  and  ellicient  governi>r. 

*  History  ot"  tin-  Sto.nm  Knginc  :  D.  Apploloii  A:  to.  i  Intvrnntiunal  Series),  N.  Y., 
ISTS,  p.  Al'.i,  fmU  notf. 
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The  economy  to  be  expected  from  tlie  suggested  change  in  metliody 
of  regulation  of  the  steam  engine  will  evidently  be  dependent  upou 
the  manner  of  operation  of  the  engine.  Where  engines  have  a  nearly 
invariable  load,  and  Avhen  they  are  well  adjusted  to  their  Avork,  the 
advantage  would  probably  be  found  inappreciable ;  but  in  cases  in 
which  the  engine  is  much  too  large  ibr  its  work  or  when  the  demand 
for  power  is  very  irregular,  as  in  rolling  mills  or  in  rough  weatlier  at 
sea,  and  where  cylinder  condensation  occurs  to  a  great  extent,  the  in- 
creased efficiency  may  be  found  to  be  very  considerable.  The  gain  by 
decreased  internal  condensation  will,  perhaps,  often  be  found  to  be  an 
item  of  no  small  importance. 

Hoboken,  N.  J.,  June,  1881. 


ON  THE  LAST  EXPERIMENT  (19th  March,  1881)  WITH 

THE  PERKINS  MACHINERY  OF  THE 

STEAM  YACHT  "ANTHRACITE." 


By  Chief-Engineer  Isherwood,  U.  S.  Navy. 


In  the  Januarv,  February  and  March  numbers  of  the  present  year 
of  this  journal  will  be  found  a  description  of  the  Perkins  system  of 
steam  machinery  in  the  steam  yacht  Anthracite,  together  with  an 
account  of  the  two  experiments  which  had'been  made  with  it  to  deter- 
mine its  economic  efficiency.  The  first  experiment  was  made  in 
England,  with  the  vessel  in  free  route,  by  Mr.  F.  J.  Bramwell,  an 
engineering  expert  employed  for  that  purpose  by  the  "  Perkins 
Engine  Company,"  and  the  second  was  made  by  a  Board  of  C^hief- 
Engineers  of  the  United  States  Navy  with  the  vessel  secured  to  the 
dock  of  the  New  Y'^ork  Navy  Yard. 

There  being  a  wide  discrepancy  between  the  results  of  these  two 
experiments,  the  "  Perkins  Engine  Company,"  on  the  return  of  the 
Anthracite  to  England,  caused  Mr.  Bramwell  to  repeat  his  original 
experiment ;  and  it  is  the  object  of  this  paper  to  give  the  data  and 
results  of  the  repetition — which  are  substantially  the  same  as  those  of 
his  original  experiment — as  a  further  contribution  to  a  knowledge  of 
what  economy  may  be  expected  from  the  employment  in  a  steam 
engine  of  steam  of  exceptionally  high  pressure  used  with  a  corres- 
pondingly great  measure  of  expansion. 
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TIh;  tlinc  cxpcrimonts  above  referred  to,  Iwintr  J'H  that  ever  were 
made  wifli  steam  of"  tlio  excf'ssive  |>rrs.-.iirc  cmpKiyHl  ami  ho  enor- 
numslv  cxiiMmled,  li.ivr  a  |H(idiar  valm-  <iii  afcniiiit  of  tliiir  tt'wiiess 
and  of  (li<'ir  <j,rcallv  ('xa«_';icrat<d  ronditioiis  of  pri'-i-^un'  and  <x|>an- 
.sion,  iiothin;.''  nniotelv  ajiproarliiii-j^  liiliir  l>ciin_''  found  in  oidiii:iiv 
j)ractice. 

licfon;  };ivin<r  the  data  and  r»'.-nli>  o|"  ilic  ic|)eatcd  i-x|M-iini<nt,  ii  i> 
necessary  to  inj|)n'ss  the  rcailcr  with  the  fact  that  the  three  ex|H.'ri- 
nients  al)()ve  referrr-d  to,  heini;  all  ina<le  nn<ler  snhstantially  the  siitne 
eoiidilioiis  of  hiuli  jtressnie  and  iri'eat  expansion,  have  M<»tiiin;x  with 
wiiich  they  can  he  |iro|)erly  compMred. 

The  contention  of  the  "  l'erl<iii-<  I^n^rine  (  '<>iii|»:iny  "  is  that  the  higher 
the  j)ressnn'  (tf  steam  and  the  more  it  is  ex|»anded,  the  ^.Teater  will  In- 
.the  economy.  To  show  thi>  elll-ct,  one  or  many  experiments  on  the 
.same  machinery,  if  all  Ix'  made  nndcr  the  s:ime  conditions,  are  insnfli- 
<;ient.  A  series  is  necessjiry,  with  varvin«:f  conditions,  he^innini;  with 
the  ]iij;hest  pressure  and  jjjreatest  expansion  and  jj;raduall\  r«Mhn'inj; 
both,  endinjj;  with  the  least  pressure  and  expansion  of  ordinarv  pnu-- 
ti(!e,  aseertaininir  experimentally  the  results  with  each  re«lu«-tion  ;  thus 
])rovin^  or  dis|>rovint;,  as  the  event  may  lie.  whither  or  not  the  position 
of  the  "  J'crkins  l-ji^inc  Company"  is  wi'll-  or  ill-founde<I.  'I'hat 
Company,  howevei-.  ha>  not  made  such  experiments;  and  the  two 
coiidiicied  l)\-  Ml-.  r>iamwtli  are  incoiii|>lete  in  the  non-ascertainnu'nt 
of  the  wei«j,ht  of  feed-water  con>ume<l  per  hour.  In  the  oneeonductc«I 
by  the  Jioard  of  Cniied  St-it.--  \:iv;d  Mm;  in  eel's,  however,  tliis  weight 
was  detenu  inc<l. 

As  part  of  the  econoniic  etlect  of  an  engine,  nnusurnl  by  the  ctist 
of  the  |>ower  it  develops  in  pounds  of  coal  mnstmied  per  hour,  is  <lue 
to  the  (piality  ol"  the  coal.  |tart  to  the  type  and  proportions  «)f  tlie 
boiler,  an<l  (he  remainder  lu  the  t\pe  and  proportions  of  the  engine  - 
including  therewith  the  pressure,  tpiality  ami  expansion  ot"  the  steam 
W'^i'd,  it  is  necessary  to  separate  these  factois  and  as<'ertain  what  }K>r- 
tiou  of  the  whole  elVei't  is  due  to  each.  Now.  in  the  exjH'riment.'* 
made  by  Mr.  Ibamwell,  the  tinot  de.Mri|)tion  of  hauil-pieknl  Nixon's 
navigation  coal  was  burned,  a  «'oal  of  extvptional  ipiality  for  genenU- 
ing  steam  and  of  proportionally  inereaseil  nist  ;  and,  manit'estly, 
whatever  may  be  the  ditVeivmv  in  weight  ot'  water  vapori/ed  in  a 
boiler  by  unity  t)f  weight  «>f  this  coal  and  by  others  of  verv  cousiiler- 
aibly  inferior  (piality.  should   not   be   attributiil   to  the  niaehinerv  ;  st> 
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that  Mr.  Brarawell's  experiments  fail  at  tlie  outset  in  furnishing  data 
with  the  Perkins  engine  for  any  proper  comparison  with  engines  using 
steam  generated  by  inferior  qualities  of  coal. 

Mr,  Bramwell's  last  experiment  sliows  that  the  steam  furnished  by 
the  Perkins  boiler  was  not  superheated.  Now,  as  that  boiler  contains 
14*7227  square  feet  of  water-heating  surface,  measured  on  the  interior 
surface  of  the  tubes,  or  19"6033  square  feet  measured  on  their  exterior 
surface,  and  15"6179  square  feet  of  steam  superheating  surface,  mea- 
sured on  the  interior  surface  of  the  tubes,  or  21  "2 178  square  feet  mea- 
sured on  their  exterior  surface — all  per  square  foot  of  grate  surface — 
there  follows  that,  practically,  this  boiler  had  (14-7227^  15-6179=) 
30*3406  square  feet  of  water-heating  surface,  measured  on  the  interior 
surface  of  the  tubes,  or  (19-6033  +  21'2178=)  40-8211  square  feet,, 
measured  on  the  exterior  surface  of  the  tubes ;  because,  if  water  had 
not  been  on  the  whole  of  this  surface,  the  steam  must  have  shown 
some  superheating ;  and,  had  the  water  been  on  only  the  normal 
water-heating  surface,  the  steam  would  certainly  have  been  excessively 
superheated  with  so  great  a  proportion  of  steam  superheating  surface 
to  orate  surface.  Thus  the  Perkins  boiler,  thouo-h  furnishino;  onlv 
saturated  steam,  had  an  exceptionally  large  proportion  of  water-heating 
to  grate  surface  ;  in  virtue  of  which,  the  pound  of  coal  would  vapor- 
ize in  it  a  larger  quantity  of  water  than  in  a  boiler  in  which  the  ratio 
of  the  water-heating  to  the  grate  surface  was  the  much  less  proportion 
em])loyed  in  ordinary  practice.  In  this  connection,  too,  must  be 
remarked  that  the  rate  of  combustion  in  the  Perkins  boiler,  for  a  full 
power  trial,  was  less  than  half  the  rate  of  ordinary  practice  with  the 
coal  used ;  so  that  less  than  half  the  quantity  of  heat  per  hour  was 
thrown  upon  about  one-third  more  heat-absorbing  surface,  producing, 
of  course,  the  greater  economic  vaporization  due  to  these  exceptionally 
favorable  conditions. 

Before  Mr.  Bramwell's  last  experiment  was  made,  the  pitch  of  the 
Anthracite^ s  screw  was  largely  increased,  so  that  with  a  given  weight 
of  steam  passed  through  the  engine  per  hour,  the  steam  pressures  in 
the  cylinders  would  all  be  higher  and  the  piston  sijeed  lower  than  in 
his  first  experiment. 

Before  the  system  according  to  which  the  Anthracites  machinery 
was  designed  and  is  worked  can  be  accepted  as  experimentally  proven 
to  be  economically  superior  to  any  other  in  use,  the  weight  of  feed- 
water  consumed  per  hour,  as  well  as  the  power  developed,  must  be 
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aw-'crtiiiiH'*!  lor  a  ^orie.-^  «t'  iuvsmiivs  ami  <xj>aii>i<iii.»,  iIk-  ri-siilts  ol"  all 
whirli  sliall  Ik'  fouiul  to  coiivcrp.'  in  tlu;  rjaiuo  diret-tion,  .sliowiiijj;  ixi\ 
increased  economy  lor  each  increase  in  the  pressure  and  in  the  ex|);in- 
sion.  Fntil  this  is  done,  however,  the  ex|>eriinenLs  that  have  lx*u 
made  are  of  j^reat  interest  ;  th(.'  data  and  n -nhs  of  the  hi>t  l»iin{^  il^^ 
follows,  exeeptin)^  that  the  writer  has  snp|)li»d  from  other  ,s<jiirees  an 
approximate  ••stiniatr  (»f  the  wei;^ht  of  fe«'<l-wat<-r  (••m-nrnMl  jwr  hour 
and  tiie  di-duetions  drawn  tiicrcfrom.  None  of  thi-  <piantiti«'s  in  the 
followiuj^  tahle  arc  to  l>e  found  in  Mr.  llramwell's  rep«)rt,  Imt  the 
writer  hits  obtained  them  from  the  data  therein  ^iven,  which  includes 
a  reprtKluction  of  all  the  indicator  dia<;r;itns  taUeu.  In  faet,  the 
report  itsell"  <-ontains  hut  little  more  than  the  ((hnTViMl  data  of  the 
experiment,  leavini^-  the  read<r  to  make  his  own  c"alculations  and 
deductions. 

The  writer  has  selected  from  the  data  of"  the  report  the  ten  hours 
o("  the  performance  diM'inu^  wliieli  tjii'  machinery  was  operateil  with 
the  lire  in  full  and  steady  action,  .-upplyin;i  a  uniform  weij;hl  of  .-.team 
of  uniform  pressure  per  hoiu*.  It  is  ;i.>.-«inned  that  at  the  end  of  these 
ten  hours  the  fire  was  in  the  s;uue  coiulition  as  iv^anls  cleaiuiess  and 
thickness,  and  that  the  (piantity  of  water  in  the  Ixiler  an<l  the  pres- 
sure of  the  steam  were  the  same  ;ts  at  the  l)c<;innin«;,  which  they 
inidoubtcHlly  were  as  nearly  as  eould  he  judj;e<l.  A  set  j»f  indicator 
diagnuns  were  taken  every  half  hour;  a  set  ei»mpri.-in>^  a  dia-^'ram 
from  the  top  of  the  l>t  cylimler,  a  diagram  tVom  the  hottom  ot'  the 
'J<1  cylinder  and  a  diaj;ram  iVom  the  top  and  Utttom  of  the  .m1  cylin- 
tlcr.  The  steam  and  other  pressures  and  the  tein|>eratures  were  noletl 
half  hourly.  The  machinerv  worke«l  well  and  smoothly,  with  i^reat 
regidarity  and  entire  frceilom  from  h(»t  journals. 

The  calculations  fr<»m  the  data  have  heen  made  l>y  the  writer  in 
exactly  the  sime  manner  as  tor  the  two  previous  ex|K'riment.-. 

Taiw  I.  ('()NT.\iMN(.  nil:   Pma   am»   IIi>rLi^  OF    Tin:    K\i'i:i:i- 

MKNI    MADK  IN    Kn<.1.AM>.   I»V  Mk.    F.  .) .    niJAMWKI.l,,  » .N   TMK 

.Mac'MINKUV  <tF  riii:  Sti:am  V a«  irr  **  .Vmtika«  mi:," 
•n>  Dfttkhmixk  rrs  K«Y)N«>Mr<    Pkkhujman*  i:. 

TolAl.   t^rAXTITIhy. 
Date  ol    the  eX|n  iliiii  III  i  vessel  ill  free  nuite).      .  .  I'.Ull  Mareli.  W^l. 

Number  of  Hcts  of  in<iieat«>r  <lia);nuiis,  taken  half  hourly.  i*"- 

Duration  of  tlu-  experiment,  in  hours  ami   minnte>,  eon- 
seeutivelv.  .....  lu* 
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Total  miiuber  of  pound.s  eon.sumed  of  Nixon's  naviga- 
tion 8toani  coal,         .....  1770-8680 

Total  number  of  pounds  of  refuse,  in  ash,  etc.,  from  the 
coal,  ......  88-54.34 

Total  number  of  pounds  of  combustible  i  gasiflable  por- 
tion of  the  coal)  consumed,  ....  1682-3246 

Per  centum  of  the  coal  in  refuse  of  ash,        .  .  5' 

Total  number  of  douljle  strokes  made  by  the  i>istons  of 
the  engine,  .....  6-3650- 

Engink. 

Steam  pressui-e  in  the  boiler,  in  pounds  per  sijuare  inch 

above  the  atmosphere,  ....  395-15 

Steam  pressure  in  the  receiver,  in  pounds  per  square  inch 

above  the  atmosphere,  ....  18-90 

Position  of  the  throttle  valve,         .  .  .  Wide  open. 

Fraction  completed  of  the  stroke  of  the  piston  of  the  1st 

cylinder  when  the  steam  was  cut  off,  .  .  0-6077 

Fraction  completed  of  the  stroke  of  the  piston  of  the  3d 

cylinder  when  the  steam  was  cut  off,  .  .  0-2643 

Number  of  times  the  steam  was  expanded,  .  229154 

In  none  of  the  cylinders  was  the  steam  cushioned,  nor 

was  there  either  steam  or  exhaust  lead,  .  .  

Vacuum  in  the  condenser,  in  inches  of  mercury       .  28-75 

Back  pressure  in  the  condenser,  in  pounds  per  square 

inch  above  zero,  ....  0-575 

Number  of  double  strokes  made  per  minute  by  the  steam 

pistons,       .  .  .         ■      .   .  .  .  106-0833 

Temperatures. 

Probable  temperature,  in  degrees  Fahrenheit,  of  the  feed 
water,         ......  122-0 

Temperature,  in  degrees  Fahrenheit,  of  the  boiler  steam, 
considered  as  saturated,         .  .  •  .  438*0 

Temperature,  in  degrees  Fahrenheit,  of  the  steam  in  the 

valve  chest  of  the  1st  cylinder,  ....    422-5 

Temperature,  in  degrees  Fahrenheit,  of  the  steam  in  the 
1st  cylinder  at  the  commencement  of  the  stroke  of  the 
piston,  considered  as  saturated,  .  .  .  416*3 

Temperature,  in  degrees  Fahrenheit,  of  the  air  in  the  air 
space  between  the  side  of  the  1st  cylinder  and  its  lag- 
ging, ......  314-6 

Temperature,  in  degrees  Fahrenheit,  of  the  water  of  con- 
densation from  the  steam  jacket  of  the  1st  cylinder,     .  418-5 

Temperature,  in  degrees  F^'ahrenheit,  of  the  water  of  con- 
densation from  the  steam-jacket  of  the  2d  cylinder,      .  409*8 

Temperature,  in  degrees  Fahrenheit,  of  the  water  of  con- 
densation Irom  the  steam-jacket  of  the  3d  cylinder,      .  404-0 
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Katk  <h    Cum  im^tion. 

I'oiirMi-'  of  cual  i-i)ii-^uiiit<l  |Hr  liuiir, 

Pouiuls  of  coiiiliiiMlililc  ••oiisimimmI  jkt  hour. 

Pounds  of  rojil   coiisiiiiumI   per  lioiir  [M-r  «<|imrf  f'xit  of 

grutj-,  .  ■ 

PoimdHof  (•(>iiiliiistil>I<'  <'oiisiiiii<(|  |nT  hour  |i<  r  -xjuan-  foot 

of  >;r!it«',      ...... 

PouiKl.sof  coul  <'i)ii.-,uin»,'d  per  hour  |»rr.s«jmiri-  foot  of  outer 

heating  >«iirfuce,         .  .  .  .  • 

PouikIs  of  coal  consuiiH'd  prr  hour  prr  s<juan'  foot  of  iniu-r 

hcatinj^  surfarc,         ..... 
Poiiiid.s  of  coiiihu^tiith-  coiL-iunH'il   p«'r  liour  jK-r  '<|uar<' 

foot  of  outer  luatint;  surface, 
I'ouiid.s  of  e«>niliustihh'  eoiLsuiiieil   per  hour  per  -tiuan- 

foot  of  inner  lieatiii-;  .surface, 

Sri:AM  Pi{i>i.>^uui:s  in  Kih.st  ('vmm>i;k.  Pi;k  I.m>i<  .\  roi:. 

Pressure  on   |)iston  of  1st  cylinder  at  eoninieneenient  of 

its  stroke,  in  pounds  per  stpiare  inch  aliove  zero, 
Pressure  on  |>iston  of  1st  cylinder  at  the  point  of  i-uttin^ 

oir  the  stt'ani,  in  pounds  per  .s<|uare  ineh  aintve  zero,    . 
Pressun-  on  piston  of  1st  eylimler  at  end  of  its  stroke,  in 

pounds  per  s«piarc  inch  ahove  zero,    . 
Mean  hack  pressure  against  piston  of  l.st  cylinder  «lurinii 

its  stroke,  in  poun<is  per  sijuare  inch  ahove  zero. 
Hack  pressure  airainst  |)is|on  of  1st  cylinder  at  coninunci'- 

nu'ut   of  its  stroke,  in   pounds   per  s«|uare   imli  ahove 

zero,  ...... 

Indicated   pre.s.sure  on   pi>lon  of  1st  cylinder,  in  i.iini.,1- 

per  scpiure  in<*h, 
Net  pressure  on   piston   of   Nt  cylinder,   in   p"mpi-  [mi 

s<|uare  inch,  ..... 

Total  pressure  on  ]>iston   of  Nt   cylinder,  in   pound>  per 

sipiari-  inch,  ..... 


177-<i.MiH 
PWiriliT) 

1 1  •.V(24 

lo'(s4iJ 

0-28.J2 

0;«11 

o-i:i;«jl 

.;i  7-651 
J»il-44 
17.VJM 

7',CtilKHI 

17»J<Mi:!."> 
174(W2.'. 


SriiAM  Pi;i;.ssii{Ks  rN  Si;i  und  C'v  i.i.nmih,  Pkk  iNDiiAndc. 

rres>urf  on  piston  of  lM  eylindtr  at  eMninieiu'cuH-nt  of 
its  stroke,  in  pounds  p»-r  sipiarc  inch  ahove  zero,  lii;j;{;» 

Pressure  on  piston  «)f  L'd  cylin<lerat  »nd  of  its  >iiroke,  in 
|>ounds  per  si|uar<>  inch  alnive  zero,    .  44"4«; 

Mean  hack  pn-ssure  against  pi.ston  «)f  I'd  cylinder  durini; 
its  stroke,  in  pounds  per  s(|uare  inch  ahove  zero,  .'W'JJ.I.'M 

Pack  pressure  apiinst  pist»>n  of  lid  cylinder  at  eoni- 
nieneenient of  its  stroke,  in  pounds  per  stpiare  inch 
ahove  zero,  .....  ;r.-.",i» 

Indicatetl  pre.s.sur*'  on  piston  of  Jd  cylinder,  in  |>ound«< 
per  s(|uare  inch,       ...  J4-.">s4«) 
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Net  i^ressure  on  jiiston  of  2d  cylinder,  in  i^ounds  per 
square  inch,  .  .  .  .  .  22*5840 

Total  pressure  on  piston  of  2d  cylinder,  in  pounds  per 
square  inch,  for  the  difference  between  the  areas  of  the 
pistons  of  the  1st  and  2d  cylinders,    .  .  .  63"2174 

Steam  Pressures  in  Third  Cylinder,  Per  Indicator. 

Pressure  on  piston  of  3d  cylinder  at  commencement  of 
its  stroke,  in  pounds  per  square  inch  above  zero,  .  33'58 

Pressure  on  piston  of  3d  cylinder  at  the  point  of  cutting 
off  the  steam,  in  pounds  per  square  inch  above  zero,    .  27*69 

Pressui'e  on  piston  of  3d  cylinder  at  the  end  of  its  stroke, 
in  pounds  ijer  square  inch  above  zero,  .  ,  10*03 

Mean  back  pressure  against  piston  of  3d  cylinder  during 
its  stroke,  in  pounds  per  square  inch  above  zero,  .  3*0755 

Back  pressure  against  i^iston  of  3d  cylinder  at  com- 
mencement of  its  stroke,  in  pounds  per  square  inch 
above  zero,  .....  2*10 

Indicated  pressure  on  piston  of  3d  cylinder,  in  pounds 
per  square  inch,       .....  16*3612 

Net  pressure  on  piston  of  3d  cylinder,  in  pounds  per 

square  inch,  .....  14*3612 

Total  i>ressure  on  jHston  of  3d  cylinder,  in  pounds  per 
square  inch,  for  the  difTerence  between  the  areas  of  the 
pistons  of  the  2d  and  3d  cylinders,     .  .  .  19*4367 

Horses-Power. 

Indicated  horses-power  developed  in  the  1st  cylinder,     ,  33*3736 

Indicated  horses-jjower  develoj^ed  in  the  2d  cylinder,      .  18*8080 

Indicated  horses-power  develoj)ed  in  the  3d  cylinder,      .  53*3489 
Aggregate  indicated  horses-power  develojjed  in  all  three 

cylinders,   ......  105*5305 

-N  et  horses-power  develoi>ed  in  the  1st  cylinder,         .                        •     32*9945 
Net  horses-power  developed  in  the  2d  cylinder,                 .  17*2777 
Net  horses-power  developed  in  the  3d  cylinder,         ,  46*8301 
Aggregate  net  horses-power  develoijed  in  all  three  cylin- 
ders,            ......  97*1023 

Total  horses-power  developed  in  the  1st  cylinder,      .  48*4821 
Total  horses-power  developed  in  the  2d  cylinder,              .  36*3558 
Total  horses-power  developed  in  the  3d  cylinder,       .  33*6362 
Aggregate  total  horses-power  developed  in  all  three  cyl- 
inders,        ......  118-4741 

Total  horses-power  develoj^ed  by  the  expanded  steam 

alone  in  the  ,1st  cylinder,       ....  17*5092 

Total  horse.s-power  develojjed  by  tlie  expanded   steam 

in  th\3  2d  cylinder,  .....  36*3558 

Total  horses-jjower  developed  by  the   expanded  steam 

in  the  3d  cylinder,  .....  33*6362 
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Wkkjht  ok  Stk.vm  Ar<  ointfi)  F<tn  nv  Tin:  Indu  atok. 

I'ouihI- iif  .steam  pivst-nt  prr  Imur  in  tlio  Nt  cylinder  Jit 
the  point  <if  cutting  oil"  tin-  steam,  cali-iilated  rr««m  tiie 
pressure  there,  .....  Int.; '.MliT 

PouiuIh  <»I'  steam  present  per  iimir  in  I  lie  l>t  cylincler  at 
the  end  <»f  tlie  stroke  of  it.-  pi>ton,  <  al(  iilated  lr<.ni  the 
pressure  ther*',  .....  \\'2i-.a 

I'oiiinls  ot'  sti'jim  condt-nsed  per  hour  in  the  1st  cylinder 
to  furnish  the  heat  tran«*miitcd  into  the  total  horses- 
I)o\ver  (h'Vt'iopcd  in  tiiat  cylindfr  l.y  the  expanded 
.steam  alone,  .....  4J!tN4<^ 

Hum  of  the  two  immediati'ly  pre«-edinn  (pmutities,  .  llt>S-:JTti4 

I'ound.s  of  steam  present  per  hour  in  tlie  lid  cylinder  at 
tlie  en<l  of  the  stroke  of  its  piston,  calcidated  fhun  the 
pressur*' there,  .....  Wx^'lAlJ. 

I'onnds  of  steam  condeiisctl  \ttv  Imur  in  the  l.-t  and  -d 
cylinders  to  furnish  tlie  heat  Iransnuited  into  tlie  total 
horses-powers  developed  in  those  cylimlers  hy  the  ex- 
pamled  steam  alone,  ....  14.;-4<.4J 

Sum  of  the  two  immediately  preceding  ijuantities.    .  l:;.;t.  Jl!  \ 

I'ounds  of  steam  present  p)-r  hour  in  the  :U\  cylinder  at 
the  end  of  the  stroke  of  its  piston,  calculated  from  the 
pressure  ther*',  .....  ll.Vi'.VUi'i 

I'ounils  of  steam  condensed  p<r  hour  in  the  1st,  "Jd  ami 
'Ml  cylinders  to  lurnish  the  heal  Iraiismuted  into  the 
total  horses-powi-r  di'vi'lopcd  in  iho-c  tylindcrs  l>y  th<- 
•  •xpanded  steam  alone,  ....  :J.;r7H»)(i 

Sum  of  the  two  inimediati-ly  prcceiliuir  i|uantitie.s,   .  l.tss-SKW 

\Vi;niiir  or  W  a  ri  i:   \' \  i'oici/.i:i>  in  nti:  Boii.kk  ikom  rui:  KkkI)  Tkm- 

ri;i(.\Tii{i:. 

pounds  of  steam  tvaporalcd  per  hour  in  tin-  lioiUr,  ls.■)(^•(MMN^ 

N(tri:. —  In  Mr.  Mraniwi-irs  previous  expt-rinunt  of  the  llJd  May,  lss<», 
the  pound  of  prccisily  the  sanu-  coal  vaporizt-d.  from  the  temperature  of 
\-'2  ilcun-cs  Kahrenhcit  and  undi-r  the  pressure  of  .".Trtiit  pounds  |>er  sipiare 
inch  altove /.i-ro,  1(>*41S4(»7  p«)unds  of  water;  eonse<iuently,  in  the  present 
experiment,  it  will  vapori/e  from  tlie  same  temperature,  hut  uiuler  the 
l)resisure  of  4»i<fS4  poiimls  j>er  square  inch  ahove  zero,  l(>'.'i*<14S2  |>ouiuls  of 
water.  Practically,  this  latter  vaporization  will  he  a  little  less,  owin;:  to 
the  v:i"t"'t«'i'  rapidity  of  the  i-omluistioii  and  to  tin- higher  teiupi-ratiire  of 
the  iron  he.-itiiiir  surfaces  of  the  lM>iler,  and  may  he  taken  at  101  pounds  of 
water  per  pound  of  coal,  iVom  whi<-li  the  weiirht  <»f  steam  i'vaiM)rate«l  per 
hour  in  the  holler,  a-  driven  al>ovc,  was  calculated. 

1)iiki:i{i;nck   hktwkkn  tiii;  Wkioiitmk  \V atkk  VAroui/.Ki>   in   tiik 
Hoii,i:i{    .\M>    nil     W'l  Miiii    ok    .»sti:\m    .\r«  oi  ntki»    kok    nv    riir. 

INI>1(  AloK. 

DilVerenee,  in  pounds    p«r   hour,  hetwi-eii  the  weight  of  wat»-r 
vaporized  (ls;5(i  poundsi  iu  the  boiler  an. 1  ili.'  w.ichi  of  steam 
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accounted  for  by  the  indicator  in  tlie  1st  cylinder  at  the  point 

of  cutting  off  the  steam,      .....     786"0873 

Difference,  in  per  centum  of  tlie  weiglit  of  water  vaporized  in 
the  boiler,  lietween  that  weight  and  the  weiglit  of  steam 
accounted  for  by  the  indicator  in  the  1st  cylinder  at  the  jioint 
of  cutting  off  the  steam,       .....       42*96 

Difference,  in  pounds  i^er  hour,  between  the  weight  of  water 
vaporized  in  the  boiler  and  the  weight  of  steam  accounted  for 
by  the  indicator  in  the  1st  cylinder  at  the  end  of  the  stroke  of 
its  piston,  ......     6(31 -7280 

Difference,  in  per  centum  of  the  weight  of  water  vaporized  in 
the  boiler,  between  that  weight  and  the  weight  of  steam 
accounted  for  by  the  indicator  in  the  1st  cylinder  at  the  end  of 
the  stroke  of  its  piston,        .....       36"16 

Difference,  in  jjounds  per  hour,  between  the  weight  of  water 
vaporized  in  the  boiler  and  the  weight  of  steam  accounted  for 
by  the  indicator  in  the  2d  cj'linder  at  the  end  of  the  stroke  of 
its  piston,  ......     498-788(J 

Difference,  in  per  centum  of  the  weight  of  water  vaporized  in 
the  boiler,  between  that  weight  and  the  weight  of  steam 
accounted  for  by  the  indicator  in  the  2d  cylinder  at  the  end  of 
the  stroke  of  its  piston,         .....       26*98 

Difference,  in  pounds  per  hour,  between  the  weight  of  water 
vaporized  in  the  boiler  and  the  weight  of  steam  accounted  for 
by  the  indicator  in  the  3d  cylinder  at  the  end  of  the  stroke  of 
its  piston,  .  .'  .  .  .  .     441-6832 

Difference,  in  per  centum  of  the  weight  of  water  vaporized  in 
the  boiler,  between  that  weight  and  the  weight  of  steam 
accounted  for  by  the  indicator  in  the  3d  cylinder  at  the  end  of 
the  stroke  of  its  piston,        .  .  .'  .  .       24*14 

Economic  Results. 

Pounds  of  coal  consumed  per  hour  per  indicated  hor-se-j^ower,     .  r6781 
Pounds  of  coal  consumed  jier  hour  per  net  horse-power,        .  1'8237 
Pounds  of  coal  consumed  per  hour  per  total  horse-power,             .  1-4947 
Pounds  of  combustible  consumed  per  hour  per  indicated  horse- 
power,       .......  1-5951 

Pounds  of  combustible  consumed  per  hour  per  net  horse-jiower,  1-7325 
Pounds  of   combustible    consumed    i)er  hour  per   total   horse- 
power,       .......  1-4200 

Pounds  of  feed-water  consumed  per  hour  pw  indicated  horse- 
power,       .......  ]  7-3410 

Pounds  of  feed-water  consumed  per  hour  per  net  horse-power,    .  18-8461 

Pounds  of  feed-water  consumed  jier  hour  per  total  horse-power,  15-4464 
Fahrenheit  units  of  heat  consumed  per  hour  per  indicated  horse- 
power,                ......         19515-3167 

Fahrenheit  units  of  heat  consumed  per  hour  per  net  horse- 
power, ......         21209-1901 
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l'":ilir<iilnit    unit-  <»f  heal    <(>ii-iiiii<<l    i>«r    hour   (M-r  total   hor^t"- 


poWlT, 


it;ik3-2Im' 


TkIC    cKNTIM  Oh    'I'oT.M.    I'lfKSsrUK   ON    IMSTONS    I'TIIJ/KI*  AS  IM)|iATKI» 
AM»    AS   NkT    rui»i|Hh>. 

.Mtaii  iiiilicatfil  pn-ssiin' ini  th«'  piston  of  th«'  .">il  i-yliinli-r.  i-ijiii- 
vali-iit  to  thf  >iiiii  of  till'  iii(li<-at*-ii  pri'smirL- on  that  pi>ton  un<l 
of  thf  in»li<-at«Ml  pn-ssurff*  on  tlic  pi.-stons  of  th«'  i:<l  ami  1st  i-yl- 
in<h'rs,  r»'(hi<'<"«l  i<T-prftivi'ly  in  tlu-  ratios  of  t\\r  areas  of  th«* 
jdstons  of  the  iM  and  1st  eyiiinlers  to  (hat  of  the  .'lil  eylin<l«T, 
and  for  tlie  faetof  tlie  I'd  and  1st  eyiinders  hein^  single  a<'tin^, 
while  the  :u\  eyiinder   i^  donhle  aetinjr,  in  |K>unds  jier  stpiare 

inch,        .......      :\2:wAr, 

M»:in  total  pressure  whieh  applied  to  the  piston  of  the.".*!  eylin- 
<ler  would  produe<'  tlie  total  hors^sj-iMtwer  d«-veloiKMi  hy  (he 
engine,      .......       :w.i:U(* 

I'er  eentuni  of  the  mean  total  pressure  on  the  pistons  of  the  three 
eylindefM,  utilised  as  ifidieated  pri-ssnre,         .  .  ,        Hjeoi 

Mean  net  pressure  on  (lie  i)l?«ton  of  the  .td  eyiinder,  e<)uivalent 
to  the  sum  of  the  net  |>ressure  on  that  piston  and  of  (he  net 
jiressuri's  on  (he  pistons  of  (he  I'd  an«l  1st  eylinders,  n-dueed 
rt'spe«tively  in  the  ra(ios  of  (he  areas  of  th«'  |)ist«tns  of  the  :jd 
and  ls(  eyiinders  (o  that  of  the  :u\  eyiinder,  and  for  the  fae(  of 
(he  I'd  and  ls(  eyiinders  hein;:  single  a«'tin;i,  while  (he. id  eyi- 
inder is  douhle  aetinir,  in  pounds  per  .si|uare  iiieh.  J'.I'TTnT 

I'er  eentum  of  the  mean  total  pressure  on  the  pistons  of  the,three 
cylinders  utilized  as  n«'t  jiressure,      ....        STIKJ 

Hot  I.KU    Va  I'oHI/ATloN. 

Nuinher  of  pounds  of  water  (ha(  would  have  heen  vaporized  in 
the  hoiler  per  h<«ur  had  the  feed-water  l»een  t<upplied  at  (he 
(enip«Ta(ure  of  lon  decrees  Kahrenhei(  juid  va|M»rized  undi-r 
the  atmospheric  pressun-  of  iteitj  jm-hes  of  luereury,  .      l!»(t«e.',4»*^ 

Nundn-rof  |iounds  of  water  that  woidil  liave  Ikh-h  vafHirized  in 
the  hoiler  per  hour  had  the  fei'd-wattT  IntMi  supplie<l  at  the 
temperature  of  '2\'2  «U'nree«  Fulirenh«-it  and  va|Hirized  under 
the  atmospheric  pressure  of  ittiij  inches  of  mercury,  .    :il.l2'«i09«> 

Pounds  of  water  vaporizi'd  from  1<KI  decrees  FahreiiheK  hv  one 
pound  of  coal,  ......        lo-TSit 

Pounds  of  wa(«'r  vaporized  from  lix'  de^rrees  Fahrenhei(  liv  one 
pound  of  eoml)Us(ihle,  .....        Il'.'l*i4^ 

Poumls  of  water  vaporized  iVom  I'll'  decree-  Falirenheit  l>y  one 
|K)und  of  eoal,  ......        lL'-044.Vi 

Pounds  of  water  vapori/«d  froiu  JIJ  dfjrrj-es  Fahrenheit  hy  one 
|K>und  of  comhu-til'le,  .....        1:2"M742 
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•CoMPARisox  OF  Mr.  Br  am  well's  First  axd  Last  Experiments. 

As  the  screw  of  the  Anthracite  had  a  greater  pitch,  and  as  more 
coal  was  consumed  per  hour,  during  the  last  experiment  than  during 
the  first,  the  conditions  of  the  two  v^aried  as  regards  the  number  of 
double  strokes  made  by  the  pistons  per  minute,  the  pressure  of  the 
steam  and  the  power  developed.  The  steam,  too,  was  less  expanded 
during  the  last  expei'iment  and  less  throttled,  but  it  was  greatly  throt- 
tled in  both,  even  with  the  throttle  valve  wide  open,  as  in  the  last 
experiment,  owing  to  the  exceedingly  small  diameter  of  the  steam 
pipe  comparably  with  the  space  displacement  per  minute  of  the  piston 
of  the  1st  cylinder. 

In    the   last   experiment,  as    compared    with   the    first,  the   steam 

pressures    in    boiler   and    cylinders    were    much    higher,    the    back 

pressure    in    the    condenser    much    lower,    the    number    of    double 

strokes  made  by  the  pistons  per  minute   much    less,  and  the  weight 

of  coal   consumed  jDer  hour  much   greater.     To   what  extent  each  of 

these  variable   conditions  affected  the  final  result  of  the  cost  of  the 

power  in  pounds  of  coal  consumed  per  hour  cannot  be  determined ; 

but  the  result  of  their  combination,  if  the  comparison  be  made  for  the 

cost  of  the  total   horse-power   in   pounds  of  coal  consumed  per  hour, 

which   is  the  proper  engineering  comparison   under  the   conditions, 

shows  that  the  greater  pressures,  less  expansion  and  less  piston  speed 

/^i      1    .             •        A              /1-4947  — 1-4291x100       \    ,  ...aq 
(the   last    experiment),   gave  [ =1  4'oyO.J   per 

centum  less  economic  efficiency  than  the  lesser  pressures,  greater 
expansion  and  greater  piston  s})eed  (first  experiment).  But  as  this 
difference  may  easily  be  within  the  limits  of  error  for  such  experi- 
ments, nothing  can  be  fairly  concluded  except  for  equality  of  econo- 
mic performance  in  the  two  cases.  The  greater  economy  Avitli  which, 
on  the  contrary,  the  indicated  horse-power  was  obtained  during  the 
use  of  the  greater  pressures,  less  expansion  and  less  piston  speed,  was 
due  simply  to  the  better  vacuum  in  the  condenser  in  that  experiment, 
which  might,  except  for  accidental  circumstances,  have  been  equally 
good  for  both  experiments.  The  loM'er  the  mean  total  pressure  in  the 
large  cylinder,  the  more  important  becomes  the  back  pressure  in  the 
condenser.  The  still  greater  economy  with  which  the  net  horse-power 
was  obtained  during  the  last  experiment  was  due  to  the  same  cause, 
increased  by  the  fact  that  the  pressure  required  to  work  the  engine, 
per  se,  being  the  same  in   both   cases,  was  a  larger  proportion  of  the 
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less  total  jiistoii  prcssiii*-  in  tlic  first  exiK-riinciit  than  of  the  j^niiter 
total  piston  pressure  in  the  Ia.st  e.vperinient.  'i'hi>  realization  u-elully 
of  a  h»r;:;er  |»rojM»rtion  of  th<-  total  pressure  on  a  pi-ton  when  that 
])ressur('  is  higlier  than  when  it  is  lower,  owin^  to  the  faet.-  that  the 
haelv  pr<«.sure  and  the  pre.->urc  r<'»juin'.l  to  work  the  engine,  jtcr  »c, 
are  constant,  is  an  un(h»uhte<l  advantaire  for  hii;her  mean  total  pres- 
sures on  the  piston,  which  will  always  exi>t,  let  the  etlect  of  otiier 
("au.ses  be  what  they  may. 

The  two  e.\j)eriments  clearly  show  that  the  eyliiuler  eonden.sat ions, 
exclusive  (»f  the  condensation  due  to  the  developnjent  of  the  power  hy 
the  expanded  steam  alone,  were  larj:;er  durini;  the  last  exiJeriment  than 
durin<^  the  first,  a  residt  which  mij^ht  have  been  anticipate*!  from  the 
ijreater  initial  jtressun;  in  the  Ist  <-ylind«r  and  les.-i  l)a<k  pre.s<iire  in 
the  .'5(1  cylinder,  joineil  with  the  mu«'h  h->s  spetnl  of  piston,  notwith- 
standinj]^  the  less  expansion  of  the  steam  in  the  \i\^t  exijeriment  than 
in  the  fii-st. 

l''rom  the  Ibllowiujjj  table,  in  whi«h  will  Im-  foinul  the  principal 
ipiantities  that  infiuence  the  eon)]>ari.s4)n  of  the  two  ex|)eriment.-,  a 
clear  idea  mav  be  had  of  the  extent  of  the  variation-  in  the  experi- 
mental conditions  and  i»f  tin-  resultinj;  eU'eets. 

K.NOIM  . 

Mr    RrmniwrU* 
Hi«t    KxiH-rinirtit.  I.i.t    K\|-tiii]   til. 

.I)ate  of  cxpcriiiHMt,  .    :iJ«l  May,  lH.su.     li»il»  Manh.   l^^l. 

."^teani  )»n's.-uic  in  ImjjUt  in  jM»unil>  per 

siiuiire  inch  nliove  tlu' atmo>4phere.    .  .{-'iT'tHt  ;v9.5'l.j 

Steam  pressure  in  boiler  in  poiwnis  per 

sipiare  ineii  al)ove  zero,  .  ."{Trtili  4"Kes4 

Position  «»f  throttle  valve.  .  I'iirliy  e|ose<l.  Wiile  oIm-u. 

NumixT  of  times  the  steam  was  ex- 
panded,    ....  'J<i*vs")l  :^-!»l'>4 

Vacuum  in  tlu' condenser  in  ineljesof 
mercury,  ....  :H»'8«>4  :>"7.>»> 

Nund>er  ot'   doultle    strokes    made    per 

nunule  l»y  the  pistons,  l.>u-.is.sl  im>-l»>33 

I'oW  l.|{. 

Initial  piessure  on  piston  of  |>t  cylin- 
der, in  pounds  per  stpiare  ineli  ahove 
zero,  ....  Jit.jn,5  31T(»9 

Hack  pres.xure  air:)inst  pi>lon  of  .'{d  cyl- 
inder, in  powmls  |H-r  xjuare  inch 
above  zero,  4J4-*)  i'lOO 
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80-7328 

10O-5305 

70-3703 

97-1023 

96-6795 

118-4741 

Mr.  Bram well's 
First  Experiment.  Last  Experiment. 

Aggregate  indicated  liorseB-i^ower  de- 
veloped by  the  engine, 

Aggregate  net  horses-jjower  developed 
by  the  engine, 

Aggregate  total  horses-power  devel- 
oped by  the  engine, 

Economic  Resuj>ts. 

Pounds  of  coal  eonsunied  jier  hour  per 

indicated  horse-jjower,  .  .  1-7114  1-6781 

Pounds  of  coal  consumed  per  hour  per 

net  horse-power,     .  .  .  1-9634  1-8237 

Pounds  of  coal  consumed  per  hour  per 

total  horse-power,  .  .  .  1-4291  1-4947 

Equivalent  Piston  Pkessukes. 
Mean  indicated  pressure  on  the  piston 

of  the  3d  cylinder,  equivalent  to  the 

sum  of  the  indicated  pressure  on  that 

pi-ston  and  of  the  indicated  i^ressures 

on  the  i^istons  of  the  2d  and  1st  cyl- 
inders, reduced  resijectively  in  the 

ratios  of  the  areas  of  the  pistons  of 

the  2d  and  1st  cylinders  to  that  of  the 

3d  cylinder,  and  for  the  fact  of  the 

2d  and  1st  cylinders  being  single  act- 
ing, Avhile  the  3d  cylinder  is  double 

acting,  in  pounds  per  square  inch,    .  20-1464  32-3643 

Mean  net  pressure  on  the  piston  of  the 

3d  cylinder  in   jiounds    per    square 

inch,  equivalent  to  the  sum  of  the 

net  pressure  on  the  piston  and  of  the 

net  pressures  on  the  pistons  of  the 

2d  and  1st  cylinders,  reduced  as  de- 
scribed immediately  above,  .  17-5608  29-7787 
Mean  total   pressure  on  the  piston  of 

the  3d  cylinder  in  pounds  per  square 

inch,  equivalent  to  the  sum  of  the 

total  pressure  on  that  piston  and  of 

the  total  pressures  on  the  pistons  of 

the  2d  and  1st  cylinders,  reduced  as 

described  immediately  above,  .  24-1231  36-3340 

Cylinder  Condensation. 
Per  centum  of  the  weight  of  steam  gen- 
erated in  the  boiler,  condensed  in  the 
1st  cylinder  at  the  point  of  cutting  oft* 
the  steam,  .  .  .  31-27  42-96 
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Mr.  Ilramwi-ir« 
KirKi  K.\|>eriui<-iil.  Iju>t  KijierimFiil. 

ri'i(Miiiiiiii  of  the  wcitrlit  of  steam  ^,'<n- 

eratc*!    in    tin-    lioilrr,   cfimlciiscd    in 

the   iHt    cyliiuler   at    the  cikI  «»f  tin- 

HtroUc  <»t"  its  i>is(itn,  cxrliisivc  of  tin- 

coiKlfiisatioii  <lii<'  lo  tin-  fli'\  tlopriMiit 

<>r    |M)\v<r     liy   lln-    <\|(aiiil«<l     -tiaiii 

ali.iH-,  ....  ::4-!»'.t  :•■  I'i 

I'creeiituiii  (if  I  lie  wiijrlit  of  stt-ain  L'<n- 

rrati'd    in    tlic    lioiU-r,  cDiMU'iistd    in 

tlu;   lid    cylinflcr   at    tlic   i-ikI  of  tin- 

Htrokr  of  its  piston,  cxrlusivf  of  the 

condensation  due  to  (lie  develo|iment 

of    power    li\     the    ixpaiided     -team 

alone,         ....  Jl  ••">.>  y.-Us 

I'oroentiun  of  the  wei^jlit  of  steam  ^t-n- 

crated    in    the   hoiler,   eondens«'d    in 

the   .'{<1    cvlinder  at    the   end    of    the 

stroke  of  its  piston,  exclusive  of  the 

condensation  due  to  the  iieveloj)incnt 

of  the  power  Ky  the  expanded  -team 

alone,         ....  St;  124  14 

(  (iM  III  sTIoV. 

I'ouiids  of  coal  consumed    per  hour  per 
s(|uare  foot  of  ;rrate  surface,  .  !cu:.'l;{  1  !•.'»« ;J4 


Registering  Apparatus  for  Marine  Cables.  I'Ik  most  pei-- 
I'ect  a|>|Kii'alus  wliicli  lia.s  hitlu-rto  :ip|)(>aro(l  for  givintr  i::f:ijtlii('  sijxnals 
ti|)i>ii  tilt'  <;ivat  siildiiariiie  lines  of  calilo  i.s  Sir  ^^'^l.  Tliom,s»)irs  svphon 
lecoider.  Tliei-e  would  he  a  \i\xk\{  advantage  in  a  toK'm-apli  which 
would  it<2,istcr  the  .<ii;nal.s  of  the  miri'or  "TiilvaiioMietor.  Paid  Samuel 
j)ro|)oses  to  ii.se  two  .>^eleniuin  ehtneiits  upon  the  s<Teen  where  the  light 
from  the  i:;alvauoineter  is  reMe<te<l:  on»' at  the  right,  the  other  at  the 
left.  NNlnuever  one  of  them  is  illiinnnated  it<  inereastti  eondiiciibil- 
ity  will  enable  it  to  act  as  a  it'lay  upon  an  eleetnvniairnet,  (or  marking 
upon  a  paper  hand  the  |»oints  and  dasln-s  (»f  the  Mors4'  alphahet.  lie 
reeommend.x  the  use  of  paper  <lipped  in  i(Hlide  of  pota.ssiiun,  and  ot'  a 
triangle  which  will  he  moved  so  that  the  j»oint  will  Ik'  ix)ntn»lle<l 
1)V  one  ol"  the  seh-ninm  elettients  and  the  base  by  the  other;  in  the 
former  e;w<'  a  dot  will  U-  prcKlnci^l.  in  the  latter  a  da<h. — Ltn 
Mondcs.  C. 

Whoi.k  N\..  Vol..  CXll.— ^TitiRD  Skri»>,  Vol.  Ixxxii.)  Is 
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RADIO-DYNAMIC  FACTS. 


By  Pliny  Earle  Chase,  LL.D. 

Professor  of  Philosoi^hy  in   Haverford  College. 

Before  proceeding  to  demonstrate  the  fundamental  propositions  of 
j)hotodvnamics  it  may  be  well  to  give  a  list  of  some  of  the  most 
important  facts  which  have  been  added  to  the  repertory  of  science 
by  investigating  the  laws  of  action  and  reaction  in  elastic  media.  The 
original  announcements  of  discovery  may  l)e  found  in  the  "  Proceed- 
ings of  the  American  Philosophical  Society,"  unless  otherwise  stated. 

1 .  The  importance  of  the  equations  of  "  nascent "   or  dissociative 

velocity,  v  ==  — ,  and  of  nascent  modulus,  h  =  ^.  -^    t   representing 

the  time  of  cosmical,  molecular,  or  atomic  rotation,  and  g  representing 
the  acceleration  of  a  central  force.     Dec.  18,  1863. 

2.  Sun's  annual  and  Earth's  da-ily  disturbances  of  atmospheric  elas- 
ticity furnisli  data  for  estimating  the  distance  and  relative  masses  of 
the  two  disturbing  bodies.     Dec.  18,  1863. 

3.  Modification  of  the  daily  distribution  of  solar  heat  by  cyclical 
elasticity  and  barometric  pressure.     March  4,  1864. 

4.  INIechanical  modification  of  electric  and  magnetic  currents.  April 
1,  1864;  Oct.  6,  1865. 

5.  Oscillations  produced  by  gravitating  disturbances  of  molecular 
elasticity.     April  1,  1861. 

6.  Polarizing  influences  of  thermal  convection  and  radiation.  April 
15,  1864. 

7.  Resem'blance  between  lunar-monthly  and  solar-daily  barometric 
fluctuations.     June  17,  1864.     Proc.  Roy.  Soc,  June  16,  1864. 

8.  Combined  influences  of  rotation,  variations  of  temperature  and 
vapor,  solar  and  lunar  attraction,  and  rethereal  oscillations  "  moving 
with  the  rapidity  of  light,"  u])on  barometric  fluctuations.  July  15, 
1864. 

9.  Numerical  relations  of  gravity  and  magnetism.     Oct.  21,  1864. 

10.  Resemblance  between  solar  and  lunar  magnetic  and  atmospheric 
tides.     Dec.  16,  1864. 

11.  Inverse  relation  of  specific  magnetism  to  coefficients  of  dilata- 
tion.    May  19,  1865. 
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12.  Control  of  iii:i<;m'tic  needles  l>y  artitieial  <iirreiit-  re^ornbliu^ 
tli(!  norfiial  atinosplierie  currents.     Oct.  <;,  ls«j.'). 

]."'.  Uelatioiis  of  temperature  to  gravity  and  <len<ity.  Sept.  21. 
l-scd. 

14.  llt.'latioii  of  terrestrial  t:ravity  to  the  vel«K-ity  ot"  liLrlit.  .S.'pt. 
21,  iMOfi. 

1').  Ap|troxiiiiate  «HpiaIity  in  the  infhieiiee  of  .solar  radiation  and 
of  atni(»s|)heri<'  currents  nj)<*n  Ihictnation-  nf  ttMn|K'rature.  l''el».  1, 
lSf;7. 

10.  Demonstration  <>f  hmar  inthience  ujion  rainfall  liv  <-omparin<; 
<]iflerent  periitds  of  ohservatiun  at  the  same  station.  I><<-.  I.  18G8; 
Anjr.  IH,  1871  ;  etc. 

17.  E<|iiivalen<'e  of  solar  '*  nascent  "  or  dis^M-iativc  vol<M'ity  (1)  to 
the  velocity  of  li<rht.     A|)ril  2,  l8(ii». 

18.  Cosmicnl  relations  of  Ihrht  to  jrravity.      .V|»ril  2,  18«)(». 

IJ).  Frcqiien<'y  of  anticyclonic  storms  and  of  local  cyclone-:  in  L'en- 
<eral  anticyclones,      .March  ."I  and  17,  ls71. 

20.  K'cseiiiMance  <»f  atino>phcric,   mai:;netic   and    anic   ciu'rents. 

.\|»ril  7.  1.S71. 

21.  Identity  of  law  in  <'osmicaI  an<l  niolecidar  forces.  Feh.  IG, 
IS72. 

22.  Simple  relations  of  explo>ivc  ener«ry  to  Sun's  mass  an<l  dis- 
tance.     Feb,  1«),  1872, 

2.">.  Ratio  of  r/.s  r'lnt  of  \\avc-|>r<»pai^ation  to  rin  rim  of  oscillating: 
particles,      Fel).  16,  1.S72, 

21.  Influence  <tf  centres  of  oscillation  and  of  the  factor  of"  linear 
rls  ririf,  !•,  on  pl;inetarv  masses,  distances  and  cvclic:il  motion.-.  Manh 
1,  1872, 

25.  Tenden<'y  of  elastic  vii»rations  to  pnMluce  harmonii'  \  ihrations. 
illustrated  hy  terrestrial  rotati<tn,  lunar  di-^tauj-e,  lunar  revolution  an«l 
(he  v<>locity  of  li<;ht.      April  5,  1872. 

2().  The  sjime  t«'ndency  illustrateil  liv  ap-idai  ami  iii<;m  piaietary 
]»ositions  and  e<'eentricities,  hy  solar,  jdanetarv  and  lunar  rotation>,  anti 
l>y  the  sun-spot-cvclc  ot"  11"<)7  vears.      Mav  l<t.  1S72. 

27.  Xeltula-rupturini;  volocititrs  aopjiretl    l>v  sultsidencf  from  ur  to 

— "—  i\     Sept.  2t».  1.^72. 
>i  -\-  1  ' 

28.  Fvidenivs  of  j)aral)olic  proje<'tion  lwt\v«vn  Siuj  an<l  the  nearfst 
fixed  star,     Sej^t.  20,  1S72. 
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29.  Harmony  of  stellar  and  planetary  po.sitions  with  Sun'.s  gravi- 
tating reaction  again,st  luminous  undulation.     Sept.  20,  1872. 

30.  liunar  "influence  on  rainfall  less  affected  by  locality  than  solar. 
Nov.  1,  1872. 

31.  Influence  of  the  circular  ratio,  tz,  upon  planetary  positions.  Feb. 
7,  1873. 

32.  Increased  .symmetry  introduced  by  the  supposed  failure  of 
"  Bode's  La^v."     March  7,  1873. 

33.  Musical  intervals  in  the  Fraunhofer  lines.     March  21,  1873. 

34.  Musical  interv^aLs  in  planetary  positions.     April  4,  1873. 

35.  Harmonic  indications  of  intra-^SIercurial  planets.  May  2,, 
1873. 

36.  Harmonic  correlations  of  planetar}^  mass.     May  2,  1873. 

37.  Confirmation  of  harmonic  prediction.     Oct.  3,  1873. 

38.  The  harmonic  planetary  progression  closer  than  any  other  that 
has  been  pointed  out.     Oct.  3,  1873. 

39.  Mean  proportionality  of  perihelion  parabolic  velocity  between 
normal  velocity  of  solar  oscillation  and  the  velocity  of  light.  May 
15,  1874. 

40.  Harmonic  grouping  of  planets  into  pairs.     May  15,  1874. 

41.  Harmonic  influence  of  the  centre  of  gravity  of  Sun  and  Jupi- 
ter on  planetary  masses,  positions  and  motions.     May  15,  1874. 

42.  Influence  of  luminous  undulation  on  the  .secular  eccentricity  of 
Jupiter,  terrestrial  gravity  and  cosmical  ma.sses.     Jan.  1,  1875. 

43.  Analogous  equations  in  general  physics,  electricity,  chemi.stry 
and  cosmogony.     June  18,  1875. 

44.  Circular  ratio  of  velocity  of  dissociation  to  velocity  of  cohesion. 
June,  18,  1875. 

45.  Estinlate  of  Sun's  ma.ss  and  distance  from  the  tidal  relations  ot" 
magnetism  and  gravitation.     June  18,  1875. 

46-  Combined  planetary  evidences  of  Fourier's  theorem  and  of"  a 
universal  elastic  medium.     Aug.  20,  1875. 

47.  Different  atmo,spheric  and  nucleal  ruj)turing  tendencies  in  Her- 
.schel's  statement  of  the  nebular  hypothesis,  and  consequent  misappre- 
hension of  the  laws  of  nucleal  condensation.     Sept.  17,  1875. 

48.  The  nucleal  radius,  in  a  rotating  condensing  nebula,  varies  as 
the  f  power  of  Laplace's  limiting  radius,  or  radius  of  possible  atmos- 
phere.    Sept.  17,  1875. 

49.  Mathematical  deduction  of  the  ratio  of  heat  luider  constant 
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voliiiiii'    to    ln';U    iiihIit   coiHtaiit  j)ri-.-.iiif  truiii  iIm-  rln  rim  of  i;:L-««»(ins 
voliiiric  arirl  of  imifunii  vflocity.      ]><•<■.  ."J,  1>17"*. 

!"){).  ll:\ruutu'n:s  ni'  jtr<>(l(ici<  ami  jm»\vci--«  of  jdam-Uiry  mass  ami  «lirt- 
tanc.'.      Dec.  .'5,  1.S7.5. 

")l.  \'arii)H.s  (•oiitinnatioiis  «»t"  I  I'-i-^i'-ln-l's  tln'orv  <it'  <iil>«i<lt'iio«*. 
April  -Jl,  iKTd. 

^i'2.  Kvi<l(MHMS  <•!'  ]»:iralMilic  iiilliiiMic-i>  m  cIii'ihiimI  .•it'iiiii"-ii\  .  F»'l». 
■2,  1M77. 

5.'5.  VarifMjs  n('l»ula-iii|>iiin'ii<.:;  t«'ii<l<'iicic.-.  of"  "  <ni»'i<l«ii«-f."  .Iiilv 
20,  1S77. 

o1.  Identity  <•!"  I;i\v  in  spectral  Hmi-  iikI  plaiu-tarv  arraiiL^'""  nr 
A 11^'.  24,  1877. 

o").  ( V»nfiriiiati<»n  ol'  1 1<  i-<licrs  ii»l)nlar  ilieury  l»\-  tlie  ihimxis  ut' 
Mars.     Jan.  18,  187S. 

^5(>.   Ilarnumic  wav<'-l('n<rtlis   in   du'miral  cleincnt-i.     .I.ni.  Is,  ls7.S. 

A7.    Ilarnutnie  arranircnitni  nt"  >atrJlitt--.\ -tmis.      .Ian.  IS.  1S7S. 

58.  Kclatiun  <>f  pl.-mdary  pi»>ifiuns  t'»  llie  *<>l;ir  nKxInln^  (»!'  li^lit. 
Manli   1,  1878. 

'){>.  The  eentre  (if  <,rr<'ale-<t  planet.ary  eoiidonsiition  i~  in  Kartli's 
orhit ;  llie  nehnl.ir  eentre  of  planetary  inertia,  in  Satnrn's  oiiiit  ;  the 
fentro  (if  the  Ne|itnn<i-rranian  nelmla.  in  .Inpiter'^  orhit.  Mareh  1, 
1878. 

<)(!.  .Nine  inti'a-Merenrial  harnjonie  |Mi-iiinn^  ^Imwini;  ten«leneies  to 
.•^ynelirnnon>  o-eillalion  and  eunfinniiiLC  harmonic  pn-dii-tion.  <  )ei.  |, 
1S7S. 

()1.  Two  .iddiiionai  eonljrmation^  ot' harmonic  prediction.  l*'eli.  21, 
I87i>. 

<>2.  Harmonies  of  Loelvyer'>  "  liasic  line<."      .\pril    I,  ls7'.». 

<).'{.  Harmonic  relations  of  the  terr«>stri:d  dav  to  the  vear.  I>ec.  l!>, 
187!». 

<ll.  Relations  Ix'tweon  cosmii-al  ma->-e- and  po-ition-.    .Ian.  J,   Isxt. 

<)").  N'arions  planetary  relations  U'twtH'n  irnivitatin-j  and  Inmirion^ 
vehwities.      Mareh   1!>.  1880. 

(5(1.  Ixelation  <»f  ocean  temj)eratnns  to  .Ionle">  e«pii\alent.  April 
1(5.  1880. 

(»7.  Kelations  of  chemical  allinity  to  Inminous  and  ei>5niie;il  ener- 
gies. .\j)ril  1(5,  ISSO. 

(58.  Kvidonces  of  suhsidenee  at  the  onter  -tirfa«v.  and  of  rnptnring 
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oscillation  at  the  inner  surface,  of  the  two  primitive  planetary  belts. 
Jan.  7,  1881. 

69.  Centrifugal  as  well  as  centripetal  influence  of  paraboloidal  pro- 
jection between  Sun  and  stars.     Jan.  7,  1881. 

70.  Ratio  of  sethereal  density  to  the  density  of  hydrogen,  deduced 
from  the  equality  of  action  and  reaction.     Jan.  7,  1881. 

71.  Relation  of  masses,  times  and  distances  to  luminous  undulation.. 
Jan.  21,  1881. 

72.  Three  orders  of  harmonic  spectra.     April  15,  1881. 

73.  Cosraical  significance  of  the  corona  line.     April  15,  1881. 

74.  Stellar  relations  of  the  corona  line  and  of  mass.  June  17.. 
1881. 

75.  Mutual  convertibility  of  various  natural  physical  units.  June 
17,  1881. 

76.  Relation  of  solar  temperature  to  the  natural  terrestrial  thermal 
unit.     June  17,  1881. 

77.  Photo-dynamic  and  therrao-dynaraic  relations  of  the  solar-stel- 
lar paraboloid.     June  17,  1881. 

78.  Relations  of  Sun,  Jupiter  and  Earth  to  photo-dynamic  energy 
at  the  centre  of  greatest  condensation.     June  17,  1881. 

In  addition  to  the  foregoing,  there  are  more  than  two  hundred  sub- 
ordinate facts  which  were  discovered  by  studying  the  laws  of  sethe- 
real  action  and  reaction.  A  list  of  the  pa|>ers  in  which  they  are  enu- 
merated was  communicated  to  the  American  Philosophical  Society, 
Nov.  5,  1880.  

Radiophony. — E.  Mercadier  gives  this  name  to  the  phenomenon 
discovered  by  Bell,  in  which  an  intermittent  radiation  of  a  definite 
period  j^roduces  a  sound  of  the  same  period.  He  has  arrived  by 
experiment  at  the  following  results:  1.  Radiophony  does  not  appear 
to  be  an  effect  of  the  receiving  plate  vibrating  transversely,  like  an 
ordinary  vibrating  plate.  2.  The  nature  of  the  molecules  of  the 
receiver  and  their  mode  of  aggregation  do  not  appear  to  exercise  a 
predominant  influence  upon  the  nature  of  the  sounds  produced. 
3.  The  sounds  result  from  the  direct  action  of  the  radiations  upon  the 
receivers.  4.  The  phenomenon  seems  to  result  principally  from  an 
action  upon  the  surface  of  the  receiver.  5.  The  radioi)honic  effects 
are  relatively  very  intense.  6.  They  appear  to  be  produced  principal ly 
by  calorific  radiations  or  waves  of  great  length.  —  Compt  Bend.     C.   • 
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1 1  li:is  hccii  Well  siiid  that  ran-ly  docs  a  jjreaf  discovcrv,  as  scx^n  as 
it  is  iiiadi',  at  (tnce  bc^iii  to  iuniisli  the  rosults  \vlii<;li  follow  as  a  natu- 
ral con.s(,'<|iieiico  tVoin  it.  Nearly  all  important  <lis«'overies  pas-s 
tlirotisxh  a  statre  ot"  iici^k'ct  or  ohsciirity.  Either  the  puhlic  attention 
is  already  pre-oeeiipie<|,  or  the  diseoveries  conic  at  a  time  when  the 
|)Ml)lie  ai'e  n(»t  pre|»ared  for  them,  and  they  are  di!!re<rarded  and  mav 
e\(ii  <lisap|)ear  with  their  authors  for  a  time,  to  come  forward  a^ain 
with  fresh  forc-e  in  after  years,  when  the  world  is  morf  in  tune  to 
reeeivt!  them.  Sometimes  they  |>ass  throuiih  a  statue  of  quiet  develop- 
ment in  the  lahoratory  ;  laws  are  estahlished,  ap|»aratus  is  devise<l  to 
pro\c  them,  attention  i>  drawn  to  them,  piihlie  spirit  is  awakenc<i  and 
from  till'  hiiiher  lev«-l  of  the  threat  diseoverer  How  new  facts  and  new 
inventions,  with  astonishiui^  rapidity,  in  many  channels;  the  potential 
cnorj^y  of  the  discoverer  is  transformed  into  ener^v  of  action  in  many 
directions,  with  more  (»r  less  elliciency  a(x*ordinji:  to  tlu-  retanliiii;  state 
of  the  medium  through  which  that  action  takes  place. 

The  proi:;ress  of  electrical  science  in  its  several  i>ranehes  will  alliml 
aiiuiidaut  instances  of  these  .'^evenil  sta«;es.  If,  for  in-tance,  we  ret^ard 
the  progress  of  telejxraphy,  we  fni<I  that  Sir  Francis  lionalds,  in  ISKJ, 
showed  that  electricity  couKl  he  practically  use<.l  for  convevinij  nus- 
sa»;:es  over  louj^;  distances  ;  yet  so  little  notice  is  taken  of  his  tliscov- 
eries  hy  the  public  and  l>y  the  <rovernment,  who  were  no  longer  in 
need  (si»  they  said)  of  tcleirrai)hs  after  the  battle  of  \\'aterl«x»,  that  he 
is  almost  driven  to  di'spair,  and  speaks  of  "  takiu:;  leave  of  a  science 
which  (tnee  all'm-drd  hiiu  a  favorite  source  nf  ainu-i'mcnt."  an«l  ot' 
'*  biddinii'  a  coi'dia!  atlitii  to  eleetricit\-." 

It  is  riniarkabie  that  he  >houId  have  said  -i\tv  vears  ;i;r,).  ••  \.v\  \\< 
have  electrical  convirsation  otlices  conununii'atini;  with  ea«'h  oiht-r  all 
over  the  kinudom,"  and  yet  the  electric  tele-:niph  was  n«»t  e^tablislntl 
until  "JO  years  after  (^IS.'JT),  and  we  are  only  now  arrivinir  at  the  svs- 
tem  ot"  telephonic  exchanges. 
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In  a  private  letter,  written  on  lii.s  72(1  birthday,  in  1860,  lie  says, 
"  If  the  electric  telegraph  of  1816  had  been  fairly  examined,  an 
eifective  instrument  might  have  been  in  the  hands  of  the  government 
and,  after  Dr.  Oersted's  experiments  (in  1820),  an  improved  telegraph 
might  have  been  in  their  hands." 

We  shall  also  see  other  instances  in  connection  with  the  special  sub- 
ject of  my  lectures,  in  which  discoveries  are  neglected  and  passed  by 
because,  as  we  say,  the  discoverers  were  men  who  M^ere  in  advance  of 
their  time,  and  in  some  cases  the  same  discoveries  are  again  made,  and 
become  known  under  another  name.  In  1815,  Sir  Francis  llonalds 
constructed  an  electric  engine,  which  was  set  in  motion  by  means  of 
Singer's  electric  columns,  and  as  late  as  1851  this  engine  was  still  in 
working  order,  when  it  was,  I  believe,  at  the  Kew  observatory. 

In  1813,  i.  e.,  when  Ronalds  was  experimenting  on  the  electric 
telegraph  at  Hammersmith,  by  means  of  his  registering  pith-ball  elec- 
trometers. Sir  Humphry  Davy  produced  the  electric  light  between  two 
carbons,  which  were  joined  to  the  two  poles  of  a  powerful  battery. 

The  following  is  a  description  of  Sir  Humphry  Davy's  exjieriments 
with  tlie  electric  light : 

"  Mr.  Pepys  having  had  the  goodness  to  charge  the  great  battery  of 
the  London  Institution,  consisting  of  2000  double  plates  of  zinc  and 
copper,  with  a  mixture  of  1168  parts  of  water,  108  parts  of  nitrous 
acid  and  25  parts  of  sulphuric  acid,  so  as  to  make  an  arc  or  column 
of  electric  light,  varying  in  length  from  one  to  four  inches,  accord- 
ing to  the  state  of  rarefaction  of  the  atmosphere  in  which  it  was 
produced,  and  a  powerful  magnet  being  presented  to  this  arc  or  col- 
umn, having  its  pole  at  a  very  acute  angle  to  it,  the  arc  or  column 
was  attracted  or  repelled  with  a  rotatory  motion,  or  made  to  revolve, 
by  placing  the  pole  in  different  positions,  being  repelled  when  the 
negative  pole  was  on  the  right  hand  by  tlie  north  pole  of  the  mag- 
net and  attracted  by  the  south  pole." 

With  a  few  cells  of  some  of  the  more  powerful  batteries,  such  as 
Grove's  or  Bunsen's,  or  the  bichromate  of  potash,  battery,  we  may 
readily  reproduce  the  celebrated  experiment  of  Sir  Humphry  Davy. 

^Vlien  Davy  discovered  the  electric  light  in  1813,  little  was  known 
of  voltaic  electricity,  except  that  the  current  decomposed  salts,  and 
was  always  accompanied  by  chemical  action  in  the  batterv.  Davy 
had  obtained  the  metals  potassium,  sodium,  barium,  strontium,  cal- 
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oiuiii  and   in:i<rn('siiiiii   l»y   tin;  elc'tri*-  ciiiTfiit.      The  rf!ati<>!!  I.if\v.> d 
electricity  and  riiaj^notism  was  still  uiikiKnvii. 

fii  tlio  year  18'JO,  ( )erstO(l  first  observed  the  action  of  a  current 
of"  electricity  on  the  niaffiietic  needles,  and  thus  ^ave  a  very  rea«ly 
method  of  conijctiMnji;  the  effect-;  of  different  currents,  hy  halancin;^; 
these  eflf'eets  on  tlie  needles  a^ain>t  the  eflict  of  the-  earth's  horizon- 
tal niai^netic  force.  In  the  same  year.  Am|)rre  discovennl  the  law 
of  the  action  of  the  current  on  the  ma<;neti«-  nee<lles,  an<l  projioiuided 
his  celebrated  theory  of  mairnets  and  oi'  terrestrial  majj^netism.  Accord- 
in';  to  this  theory,  every  |»article  of  a  piece  of  steel  which  forms 
the  majjuet  has  currents  of  electricity  circulating;  round  it  in  the 
.sam(!  direction,  and  the  ma<;netisni  of  the  m:i<;net  is  only  the  result- 
ant actiou  of  :ill  thi'se  cMi-n'iits  taken  throui^h  the  wholi-  of  tin'  piece 
of  steel.     'J'hiis  inaLrnetism  is  the  resultant  action  of  electric  <Mwrents. 

An)j)ere's  experiments  (which  were  repeatrd  in  the  lectun-)  sJiowe<l 
the  iiiulu.d  attiMctinn  and  I'cpidsjnn  of"  parallel  cin'i'cnt^  :ind  of  cur- 
rents and  ma<:^nets ;  also  that  a  current  in  a  solenoid  or  in  a  flat 
coil  acts  as  a  ma<;net ;  and  that  a  hollow  coil  earrviui;  a  current 
attracts  a  core  of  soft  iron  and  holds  it  up. 

These  elementary  e.\|)eriments  are  now  very  simple,  and  thev  may 
be  very  well  known  :  but,  as  we  shall  se<'  in  tlu'  lectures  which  ar<'  to 
follow,  some  of  these  early  and  >im|ile  «levice>  are  found  to  be  annuji; 
the  most  effici<'tit  fur  coiiti-olliuLi:  and  re<rulafinir  the  current  ami  >t'adv- 
\\\\r  the  lii2:ht  in  souie  of  the  best  electric  lamj»s.  Mhilst  AmjH're  wa.s 
developiui;  Oersted's  experiment  in  oue  direction,  Schwei<ri;er,  in  the 
same  year  (1820)  em|)loyed  it  for  the  com|>arison  of  <-urrents  an«l 
invented  the  i^alvanometer.  Theu  followed  imj>roved  i;:dvanoineters 
by  Jiec(pU'rel  and  othei"s  ;  and,  in  1S"J7,  <>hm  irive  his  simple  theorv 
of  theaction-of  batterii"^,  which  was  deduced  from  \'o|ta's  |)rin<iple, 
and  this  h:is  fornu-d  the  l:ioimiiI work  of  all  later  investiiralions  of  the 
subject. 

If  we  consider  lh(>e  >im|»le  experinu-nts  of  <  )er.-«ted  ami  Ampere  in 
their  rcdation  to  the  now  well-establishe«l  princ-iples  of  con>ervatioii  of 
ener<;y,  we  may  arrive  at  some  important  conclusions  which  air.'in  Jirc 
fidly  borne  out  by  experiment.  Thus,  when  a  current  of  electric- 
ity i)asses  alon^  a  win*  in  Oersteil's  exju'riment,  part  of  its  enerirv  is 
s|KMit  in  overcomintr  the  resistauiv  of  the  wire  and  another  part  is 
spout  in  causin<r  the  motion  of  the  mairnetic  nee<lle,  /.  <.,  in  »loinu: 
work  upon  it  in  oi)[)osiiion  t«»  the    pull   of  the  nia>;netic  tonv  of  tlie 
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eartli  upon  it.  This  part  of  the  energy,  whicli  is  spent  in  twisting 
the  magnetic  needle  about  the  axis,  leaves  less  energy  to  be  spent  in 
])rotlueing  the  current,  and  so  there  is  less  current  passing  in  the  wire 
when  the  magnet  is  in  the  act  of  being  deflected  than  there  is  in  the 
same  wire  when  there  is  no  magnet.  When  the  magnet  is  held  at 
rest,  or  when  it  has  settled  into  its  position  of  rest,  there  is  no  longer 
any  energy  spent  in  iveeping  it  there,  and  the  full  current  again  passes 
in  the  Avire.  Thus  a  current  which  deflects  a  magnet  is  itself  dimin- 
ished by  that  motion  of  the  magnet.  Take,  again,  any  of  the  simple 
experiments  of  Ampere  on  the  mutual  action  of  currents  of  electricity 
upon  one  another  and  the  motion  of  conductors  carrying  those  cur- 
rents. There  is  a  conversion  of  energy  of  the  current  into  motion  of 
the  conductor  carrying  the  current  in  parallel  wires  attracting  one 
another,  and  hence  there  is  less  current  in  the  wire  while  the  motion 
is  actually  taking  place.  Thus  the  approach  of  two  wires  carrying 
currents  of  electricity  diminishes  the  currents  flowing  in  the  wires. 

Kow  if  the  approach  of  these  wares  diminishes  the  currents  in  them, 
then  the  sej)aratiou  of  the  wires  may  be  expected  to  increase  the  cur- 
rents flowing  in  them,  for  in  the  separation  work  is  done  in  the  oppo- 
site direction.  Hence,  in  the  alternate  approach  and  separation  of  the 
Avires  as  they  oscillate,  the  currents  are  diminished  and  increased  alter- 
nately. If  there  be  no  current  at  all  in  one  of  the  wires,  then  the  sep- 
aration of  the  two  wires  will  give  a  current  in  the  one  which  had  no 
current  in  it,  and  the  approach  of  the  wires  will  give  a  current  in 
the  opposite  direction.  Thus  we  are  led,  by  the  well-known  prin- 
ciples of  energy,  to  results  Avhich  are  well  known  to  be  true  by  expe- 
riment, that  the  separation  of  the  parallel  Avires,  one  of  which  is  car- 
rying a  current  of  electricity,  produces  in  the  other  wire  a  current  of 
electricity  in  the  same  direction  or  a  direct  current,  and  their  approach 
produces  a  current  of  electricity  in  the  oi3posite  direction,  or  an  in- 
verse current. 

Let  us  pursue  this  relation  of  the  principles  of  energy  to  the  eflects 
produced  by  electric  currents  a  little  further.  With  two  parallel 
currents  in  two  approaching  wires,  the  amount  of  energy  used  up, 
and  therefore  jn'oducing  no  eflect  in  the  shape  of  current,  depends  on 
the  amount  required  or  expended  in  bringing  the  wires  together. 
This  depends  on  the  rate  at  which  they  approach  one  another.  The 
more  rapidly  they  approach,  the  more  energy  is  consumed,  and  the 
more  the  currents  in  the  wires  are  diminished. 
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III  I  Ik;  >;iiim'  way,  if  the  wii'cs  ai'c  scparatiii!;  fVom  one  another,  tlio 
riirniit-  art-  imii  a-<tl  liy  an  ainoinil  \vlii<|i  (Icjm'IkIs  iijtoii  tlic  rale  ol" 
tlifir  M'paiatioii.  I  Icikm-,  ikk  only  their  relali\'e  motion,  hut  the  rate 
at  which  they  apiuoaeh  an<l  reec<le  iVoni  one  another,  will  «|.  i»  rininc 
tlie  clianj^e."^  produced  in  the  eleetric  cuirents  in  them. 

A.s  in  tlie  ca.se  of  hodie.s  fallin;:  under  tlie  action  ol"  tiie  Ji^rce  of  jjrav- 
ity,  the  amount  of  energy  expended  Ls  meiLsured  by  tiie  .square  of  the 
velocity  of  failing;,  so,  in  the  case  of  currents  of  electricity  in  wires 
approaehiuii-  one  another,  the  energy  expended  is  measured  hv  the 
.s<piare  ot"  the  velocity  of  appi'oach  ;  so  that  the  alteration  in  the  cur- 
rent takes  place  more  an<l  more  rapidly  as  the  rate  <tf  aj)j>roach  is 
increa.sed.  If,  aj^ain,  we  ap|ily  this  to  the  case  where  one  of  the  wirtw 
has  a  current  in  it,  and  a  second  |>arallel  wire  hits  no  current  in  it  :us 
Ion<;-  as  it  remains  at  rest,  then  the  amount  <»r  stren<;th  of  the  <lireet 
current  in  the  second  wire  will  increas«»  at  a  more  and  more  iiipid  rate 
as  the  velocity  of  the  se|)aration  of  the  wires  i,-  incr»'a.>ed,  and  the 
.stren<i:th  of  the  inverse  current  in  the  second  wire  will  increa.-e  at  a 
more  ami  more  rapid  rati-  as  the  velocitv  ol"  approach  <»t'the  wires  is 
iiK  reaxd. 

Here,  then,  we  have  the  law.>  of  the  pnuluctiou  of  induced  currents 
deduced  according  to  the  principles  of  ener<;y  l"r<»m  the  relative  motion 
of  parallel  cinreiits,  discovered  by  Ampere.  These  laws  are  of  sucii 
importance  in  connection  with  the  suhject  of  these  leeture-s,  that  1 
shall  illustrate  them  a  little  farther  hy  a  few  simple  experiments, 
showing;  the  ertect  of  rate  of  approach  or  separation  on  the  induc- 
tion current. 

Instead  of  actually  renioviiii:;  the  coils,  it'  the  current  in  the  |»rimarv 
circuit  he  diminished,  the  elleet  is  the  saujc  as  if  a  wire  carryint;  a  j>art 
of  it  had  been  taken  away,  and  so  there  is  a  direct  current  iiuhicetl  in 
the  .secondary  wire,  whereas,  if  the  ciwrent  in  the  primary  \vii"e  Ijo 
increased,  the  ellcH't  is  the  same  as  if  a  wire  carrvini;  tin*  additional 
eiu'rent  had  a|)proaciied,  and  so  an  inverse  current  is  indnc»'<l  in  the 
secondary  wire. 

We  shall  i:;et  tlu-  Lireale.-t  rale  of  >eparalion  l>v  >udthniv  stojiping 
the  ciUM'eiit  in  (tr  hreakiiit;  the  primary  current,  and  the  greatest  rate 
ofappri»ach  hy  suddeidy  joininjj:  or  making:  the  current  llow  in  the 
primary  circuit,  lb  iice,  hreakiuir  the  primary  circuit  pHnluces  a  very 
inten-r  ni-h  "f  elcciricitv,  ijivine;  a  iliren-t  current  of  <jreat  intensitv  in 
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the  secondary  wire ;  and  making  tlie  primary  ciniuit  gives  a  powerful 
inverse  current  in  the  secondary  wire. 

Having  sliown  the  relation  between  the  ])roduction  of  currents  of 
electricity  by  induction  and  the  experiments  of  Ampere,  as  we  should 
regard  them  at  the  present  day  in  their  relation  to  the  principles  of 
energy,  let  us  now  consider  for  a  few  minutes  the  way  in  which  they 
were  first  produced. 

It  is  now  Just  fifty  years  ago  since  Faraday  communicated  to  the 
Royal  Society  his  fir.st  series  of  papers,  entitled  :  (1.)  On  "Tlie  Induc- 
tion of  Electric  Currents ;"  (2.)  on  "  The  Evolution  of  Electricity  from 
Magnetism ;"  (3.)  on  "  A  New  Electrical  Condition  of  Matter ;"  and 
(4.)  on  "Arago's  Magnetic  Phenomena." 

Little  did  he  imagine  the  marvelous  results  that  were  to  flow  from 
Ins  experiments  when  he  wrote,  at  the  beginning  of  that  communica- 
tion, that  he  had  been  stimulated  to  investigate  experimentally  the 
inductive  effects  of  electric  currents,  with  the  view  of  elucidating 
Ampere's  beautiful  theory  of  magnetism,  and,  in  the  hope  of  obtain- 
ing electricity  from  ordinary  magnetism.  In  those  papers  he  describes 
most  minutely  the  details  of  his  exj^eriments,  and  unfolds,  step  by  stej), 
the  laws  of  an  induction  current  in  the  helix  of  wire,  called  b,  placed 
near  to  another  helix,  called  a,  carrying  a  voltaic  current.  That,  as 
long  as  a  steady  current  was  maintained  in  a,  there  was  no  current 
induced  in  b  ;  that,  on  making  contact  in  A,  or  on  approaching  the 
wires,  there  was  a  momentary  inverse  current  in  B,  and,  on  breaking 
contact  in  A,  or  on  separating  the  wires,  there  was  direct  induced  cur- 
rent in  B ;  that,  as  this  current  was  of  the  nature  of  an  electric  wave, 
like  the  shock  of  a  Leyden  jar,  it  might  magnetize  a  steel  needle, 
although  it  produced  slight  effect  on  a  galvanometer,  and  how  his 
expectation  Avas  confirmed,  and  tiiat  the  needle  was  magnetized  oppo- 
site ways  on  making  and  on  breaking  contact. 

Then,  in  his  evolution  of  electricity  from  magnetism,  he  gives  an 
account  of  the  greatlv  increased  effects  on  introducing  soft  iron  cores 
into  his  helices  of  wire,  and  shows  that  similar  effects  are  obtained  by 
using  ordinary  magnets  in  place  of  a  helix  carrying  a  battery  current 
round  an  iron  core,  i.  e.,  in  place  of  an  electro- magnet.  Also,  in  place 
•of  a  cylinder  of  iron  in  a  helix  of  wire,  he  uses  a  welded  soft  iron 
ring,  6  inches  in  diameter,  and  ^  of  an  inch  in  thickness,  with  helices 
wound  round  it — in  fact,  what  would  now  be  called  a  Gramme  ring — 
iind  remarks  that  the  iron  cylinder  arrangement  was  not  so  powerful 
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a.s  tlio  riii^  arraii^^fiiifiit.  l'la«:iii;;  tlic  ron-  within  tlic  lit*ii.\,  In-  uwv^- 
netizoH  it  by  l)riii<rin;r  |t<iiii;iiioiit  iiia<;iiet.s  in  contar-t  witli  its  ends,  uiid 
olwcrves  "a  (Icflcctioii  wliidi  indicates  an  induced  current  <»f'ele(tri<-ity 
in  the  (»j)|)<>site  direction  to  that  <itte<l  to  form  a  magnet,  ha\  inj;  the 
same  polaritv  a.s  that  ically  produced  l»y  contact  with  the  l)ar  mag- 
nets." Sucli  a  current  wouM  have  converted  tlie  cylinder  into  a  m:i;i- 
net  (tf  the  o|i|»<)>ite  kind  to  that  formed  hy  contact  with  the  )M»Ie>  a 
and  I!,  and  .-uch  a  current  moves  in  the  oj)|><(site  directi(»n  to  tlie  eur- 
reiits  wliich  in  Aiii|M"re's  heautilul  theory  are  con>idered  as  constitut- 
\u\l  a  ma^iuel  in  the  jM»>ition  li^untd.  On  hrinjxinjr  the  har  in  contact 
witii  the  j)oh's  of  the  ma<:net,  a  current  is  inchiceil  in  th"  \\\r>-  in  the 
direction  indicateil  in  the  fij^ure. 

He  then  tlcscrihes  the  e.\|H'riment  of  introihicin^  a  ina«;nel  with  a 
coil  (»f  wire,  and  sliows  that  the  same  current  is  »»htained  whether  th*: 
marked  end  of  the  niairi't't  I'c  intr<Mhiced  at  one  end  (»f  the  coil  or  the 
uniiiailved  end  iiitiodurcd  at  the  otiier,  and  that  a  current  !■>  prixlui-rd 
in  the  opposite  direction  to  the  i'urmei'  on  w  ithdrawiuL:  th'-  mai;net 
IVom  either  end. 

'Ihen  after  deserii tin;:,-  the  nieth<Kl  of  produein;;  hi-  induction  -park, 
and  also  mus<'idar  contractions  in  a  fro^  hy  mean.-  ol'  a  loailsionu  and 
coil.s,  which  were  lent  to  him  from  Ivinj^'s  ( 'olleu;e,  and  reinarkin«i; 
that  tljc  intensity  of  the  ef!'ect  proih»cc«l  «lepend-  upon  the  rate- of  >-epa- 
raliou  (if  the  coil  iVnm  the  |tnll- o|"  the  loadstone,  he  ctin<-iude>  this 
section  thus:  "An  aj:;ent  which  i- conducted  aloni;  metallic  wire-  in 
the  manner  de.s<-rilHil,  which,  whilst  .-o  pa>.-in«;,  j tos-e.>S4.'s  the  pe<idiav 
niajjnetic  actions  and  force  of  a  ciurent  ot"  electricity,  which  c:iii  aixitate 
and  convidse  tlie  limlis  of  a  froi:\  and  which  fuially  rww  produce  a 
spark,  can  <)nly  be  electricity." 

One  other  of  the  discoveries  of  l-'araday,  made  in  that  nieinoraide 
vear  IS.'U,  we  -hall  find  to  be  of  ijreat  im|>ortanci'  in  ma;riH'to-4.dcctric 
ma«hines,  vi/..,  the  »litference  of  time  iKtween  induction  by  a  battery 
current  in  a  <'<»il  and  induction  by  a  inai;net,  which  re«|uir«>>  a  con- 
sideralilc  interval  of  time  to  iret  up  to  its  full  >trenirth.  I'ai-aday 
aceoimted  for  this  retardation  by  supposin«r  that  there  is  a  retlistrilai- 
tioii  of  the  Amperian  currents  in  the  inm  it-.li'  -.>  ih.it  ihf  in:i<_'nei 
re<pjires  time  to  ri.se  to  its  lull  power. 

\N  «•  may  well  consider  for  a  while  the  work  ol  such  a  man,  who, 
fifty  years  aujo,  in  his  fust  serii-s  of  pa|>ers  to  the  IJoyal  SK-iety,  o>uld 
establish  so  manv  laws  of  ntairnetic  and  current   induction,  and    who 
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made  possible  the  rapid  development  which  is  now  going  on  in  the 
science  of  electricity,  and  especially  in  the  production  of  magneto-  and 
dynamo-machines. 

After  the  discovery  of  the  principles  which  I  explained  in  the  last 
lecture,  and  the  method  of  producing  currents  of  electricity  by  the 
inductive  action  of  magnets,  or  currents  in  motion,  the  laws  of  these 
currents  were  being  developed ;  but,  for  twenty  years  after  Faraday's 
discovery  in  1831  that  the  sudden  removal  of  a  coil  of  wire  from  the 
pole  of  a  magnet  gave  rise  to  a  current,  nothing  Avas  done  to  a]:)ply 
these  laws  for  the  purposes  of  electric  lighting.  Voltaic  batteries 
-were  being  improved,  and  the  more  constant  and  more  powerful  bat- 
teries of  Daniell,  and  Grove,  and  Bunsen  were  discovered,  and  these 
were  the  sources  emijloyed  to  produce  the  more  powerful  currents  of 
electricity.  In  tliis  country  Grove's  battery  was  tlie  favorite;  and  in 
our  laboratories  we  may  say  that,  up  to  tlie  present  time,  the  40  or  50 
cells  of  Grove  have  always  been  used  to  give  us  the  electric  light. 

When  used  for  optical  experiments  in  the  laboratory,  the  source  of 
light  should  be  as  steady  as  possible,  and  as  the  carbons  burn  away, 
their  points  should  be  continually  brought  to  the  same  position ; 
hence  the  elaborate  arrangements  of  wheel  work  and  electro-magnets 
devised  by  Staite,  in  1847,  and  by  Foucault,  which  have  reached  very 
great  perfection  in  the  hands  of  Duboscq. 

One  of  the  carbons,  that  connected  with  the  positive  pole  of  tlie 
battery,  burns  aNvay  twice  as  fast  as  the  other,  and  hence  the  wheel 
work  must  be  adapted  for  feeding  these  carbons  automatically  at  the 
proper  rate. 

When  the  current  flows  always  in  the  same  direction  in  the  arc,  as 
in  this  case  where  Grove's  battery  is  used,  and  in  all  cases  Avhere  the 
magneto-machine  is  adapted  for  producing  continuous  currents,  the 
positive  charcoal  point  or  carbon  becomes  hollow,  and  wears  away 
more  rapidly ;  and  the  negative  carbon  becomes  pointed,  and  wears 
away  about  half  as  fast. 

In  the  Duboscq  lamp,  the  positions  of  the  points  of  the  carbon  are 
kept  as  nearly  as  possible  the  same  ;  tlie  carbons  are  moved  towards 
one  another  by  means  of  a  driuii  carrying  two  wheels,  whose  diam- 
eters are  as  two  to  one,  which  move  two  racks,  which  carry  the  car- 
bons towards  one  another.  This  lamp  is  far  too  complicated  and  deli- 
cate  in   its   mechanism   to   use  with   magneto-electric  machines,  and 
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tlien.'fon!  the  sy.'^tc'in  ;i(lo|)t<'<l  in  it,  for  rogiilatin<r  the  current  and  n-i;- 
ulatiii^  the  earhoiis,  n'<|iiiros  eonsiderahle  iiiodiHwition,  Ijefore  this 
lamj)  ean  ix-  a»l:i|»t(<l  l"<>r  licnci'al  ii-c  lui-  thi-  purposes  of  electric  lij^lit- 
in^'.  It  is  (Specially  adapted  for  use  with  opti<'aI  apparatus,  and  for 
showinji;  l>v  jjrojeetion  on  the  .scr<'en  the  special  characteristics  of  the 
arc  formed  \>v  the  L:'lo\\in^  jija.scs  of  various  substances.  We  niav  u.se 
it  MOW  for  showin;^-  the  character  of  the  arc  formed  by  silver  con- 
verted into  a  <;lowinii;  <xas  hy  the  intense  heat  of  the  arc.  This  arc 
shows  us  that  silver  is  rich  in  the  violet  or  chemical  rays,  and  point.s 
to   the   rea.son  why  the   salts  o|"  -il\-er   are  of  so   much    u-e    in  jihoto- 

graphy. 

Eij;(Ti;i<     Ki:<;i  i..\'i(»i:s  oi:  (  J()Vi;i!N()i:>. 

By  the  laws  of  ()Iim  we  t^et  the  relation  hetweeu  the  electro-motive 
force,  the  current,  and  the  resistance  expressed  hy  the  statement : 

The  |)roduet  ol"  the  current  hy  the  resistance  in  a  circuit  i->  e<pial  to 
the  electromotive  force  in  that  circuit,  or  A' =  CiR  +  '')• 

Re»:;idators  may  act  so  an  to  <'ontrol : 

1.  The  electromotive  force  and  internal  resi'^tance  of  the  hatierx  mi 
dvnamo-electric  machine. 

2.  ( )r  thev  may  control  the  u-eful  resistance  in  the  circuit. 

o.  Or  tliey  may  control  the  external  resistance,  which  does  not  j)ro- 
duce  usefid  worU. 

lleo;ulators  which  control  the  ciurcnt  liy  alterini;  the  electronjolive 
force  Ol-  internal  resistance  of  the  siturce  of  electricitv,  so  as  to  couu- 
terltalance  other  distriltutini;  ellccts,  are  not  practiixilly  <if  much 
importance,  and  so  neeil  not  detain  us  lon^.  Sup|)»»se,  for  instance, 
that  an  increase  of  current  acted  nii  a  loialiuii"  e«iveruor  in  such  a  wav 
as  t(»  raise  the  j>lates  out  ol"  the  l>attery,  thereliy  incieasine:  the  inter- 
nal resistance,  this  would  diminish  the  cin'rent>  which  wouM  >o  react 
on  the  noveiMior,  and  a^ain  lower  the  platis.  ( )r  suppo>e  the  current 
passes  roinid  a  coil  which  is  >et  with  its  axis  vi-rtical,  ami  that  an  iron 
rod  supports  the  carhon  and  zinc  in  a  hichromate  of  potash  hailerv, 
and  passes  into  the  axis  of  the  c<»il,  then,  as  the  current  increases,  the 
coil  draws  up  the  iron  core  ami  the  Itattery  plates,  and  incre:i>t>s  the 
int<>rnal  resistance,  which  diminishes  the  current. 

Rci:;ulators  which  act  on  the  useful  resistance  in  the  circuit.  /.  >.,  in 
the  case  ot"  electrii-  li>ihtinu.  tlu'  difVereiit  arrauijements  made  in  elee- 
tric  lamps  for  produciiisj:  steady  ciurents  hctween   the  c:\rl>on  points, 
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by  keeping  them  the  same  distance  apart,  are  very  numerous,  and  I 
liope  to  treat  of  tliem  in  a  future  lecture. 

Another  kind  of  regulator  controls  the  current  by  varying  the 
external  resistance  of  the  circuit,  so  that  when  the  current  increases  an 
additional  resistance  is  thrown  into  the  circuit,  and  when  the  current 
diminishes  the  external  resistance  is  diminished.  If  a  machine  is 
working  with  the  greatest  efficiency,  then  the  addition  of  external 
resistance  will  diminish  that  efficiency,  so  that  a  regulator  which  varies 
the  external  resistance  diminishes  the  efficiency  of  the  machine  in  order 
to  maintain  a  steady  current. 

There  are  many  ways  of  varying  the  external  resistance  of  a  cir- 
cuit; for  instance,  a  rheostat  set  in  action  by  clockwork,  which  is 
started  by  an  armature  of  an  electro-magnet  placed  in  tlie  circuit.  If, 
for  instance,  as  the  current  is  weakened,  the  armature  of  the  electro- 
jnagnet  falls  and  releases  a  wheel  of  a  clockwork  arrangement,  Mhich 
diminishes  the  resistance  by  unwinding  the  wire  of  the  rheostat.  The 
methods  which  have  been  employed  have  been  gradually  simplified, 
and  it  is  found  that  the  simplest  means  are  at  the  same  time  the  most 
efficient.  For  weak  currents,  Edison's  system,  whereby  a  greater  or 
less  [)ressure  on  powdered  carbon  increases  or  diminishes  its  conduc- 
tivity, has  been  employed.  Edison  also  devised  a  regulator  or  shunt 
for  the  current,  by  the  expanding  of  a  platinum  spiral  wire  placed  in 
the  lamp  which  short-circuited  the  current  on  reaching  a  certain  defi- 
nite temperature.  Suppose,  for  instance,  that  an  arrangement  is  made 
by  which,  when  a  current  increases,  part  of  it  is  sent  through  an  elec- 
tro-magnet, which  draws  up  an  arm  so  as  to  break  the  direct  circuity 
and  send  all  the  current  through  the  electro-magnet,  the  resistance  of 
the  coil  of  the  electro-magnet  reduces  the  current,  the  arm  falls,  and 
again  the  current  passes  through  the  direct  circuit. 

Laxe-Fox  Regulator, 

The  regulator  is  an  electro-magnet  of  very  high  resistance,  which 
takes  a  branch  of  the  current  and  acts  on  one  end  of  a  lever.  The 
other  end  of  the  lever  makes  contact  with  one  or  other  of  two  pins, 
which  are  connected  with  one  or  other  of  two  coils  forming  electro- 
magnets, called  respectively  H  and  K,  which  govern  either  the  throt- 
tle valve  of  the  steam  engine,  or  which  may  be  made  to  introduce 
extra  resistance  by  sliding  contact  over  the  Avires  of  a  rheostat.  When 
the  lever  touches  one  of  the  pins,  a  current  passes  through  the  lever  to 
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tli('  ("lectro-iiKi'^iKt  II  and  turn-  tlir  arm  in  <tne  dirwtion.  an<l  ulieti  it 

toiu-lic's  the  othor  jiiii,  llic  arm  turns  in  tin-  opiK»>ite  (lir(«li«»n,  so  tliat 

in  «»no  case  the  resistance  «jf  the  <-ircuit  is  increased  an<l  in  the  <tth'r  if 

is  (liminishe<l. 

Sii;mi;n>  liiXiiJLAToH. 

Hv  means  of  the  ex|>ansi(tn  n|"  a  line  strip  of  mild  steel  <»r  tu-<il  ir«»ii 

stretched  hetween  two  points,  when  the  electric  cnrrent  pas^c-  thron;ih 

it,  a  vertical  s()indle,  snpportin^^  a  cir<iilar  mttallic  dix-,  with  platinum 

contacts   on    its  ii|>per  -iirface,  is  lo\vere<l,  -o  that  the  contacts  nf  plati- 

nnni,  with  certain   |)(»ints   in  a  hdij-.d  rhc<»stat,  are  hroken  one  l»y  <>nc, 

and  at  each  hrcaU  an  additional    portion  of  tlu*  rheostat  is  thrown  into 

the  circuit,  and   mi   the  cxce>.<  of  current  is  eliecke*!.      F<tr  the  normal 

current    the   rheo.-tat    is   out  of  circuit,  hut   an  cxc<'ss  of  current  hi-jit-; 

the  wire,  lowers  the  platinum   conta<-ts,  and  l»rin<r>  more  or  lcs<  tif  the 

rheostat    into  the  eji-ciiii.      V\\v  -niall  xariation-  of  current,  the  ciian;;e 

of  cm-rent    is    nearly  jtrttpnrtioiial  to  the  chauLrc  of  tcm|>erature  in  the 

stri|». 

.Mi:iii«tii>  oj-  M  i;a>i  i;iN(.    Ki.i:«ti:i«    CiuitKNTs. 

There  are  foin-  principal  meihiMl-  of  measurinii-  powerful  eliH-trii' 
current.-. 

1.  The  (t'li/noioiintrr  Mr(/ittil.--\\"\i\i  a  tauircnt  iralvanometer  of 
small  re-istynce.  it  i>  necessary  to  KriuLT  the  dellc<'tions  to  ahout  i't^  l»v 
a  shunt  <»f  very  small  resistance,  wiiich  >ends  oidy  a  very  -mall  part 
of  the  cm'reiit  throiiiih  the  ;^aIvanometer.  Here  there  is  a  liahilitv  t«) 
error  in  the  measurement  of  the  resistance  of  the  >hunt.  The  ohji-c- 
tion  to  this  method  is  that  a  >mall  (piantitv  i-  mea.-tired  hv  tiu*  irdva- 
nomcter,  and  the  error  ot"  the  ohscrvation  is  midtiplicil,  it  mav  Ik*  a 
th<iusan<lfold,  or  even  very  much  more,  in  order  to  arrive  at  anv  idea 
at  all  of  the  total  current  flowinir  in  the  principal  circuit.  1  c:in  nulv 
coin|>are  the  method  to  an  attempt  to  c-timat*-  the  Hii^ht  of  ,-tarlinirs, 
or  of  a  covey  <it'  l»ird>,  l»y  niea-urinir  nr  marUiiij;,  a.-  ac«-unit<'lv  as  \u»- 
.sible,  the  tiiirht  of  one  |)arti<"ular  l»ird  which  has  Jjccn  .-epafatiHl  from 
the  rest,  and  which  is  a— unied  to  travel  at  the  sunt'  \i\U;  no  matt<>r 
wliat  ohstructions  or  attractive  influences  may  have  «t»m«'  :u'n>.ss  its 
patit.  At  tjje  sjime  tinu-,  the  diHicidtics  (»f  these  mc:i>uremeiits  are  so 
^ri'at  that  any  method  may  he  of  <;rcat  M-rvice,  anil  this  nicth<Kl  has 
IxH-n  employiHl  by  scvend  ol»i'rv«M>  with  ltimkI  rc.-ults. 

For  stron<r  currents,  instcinl  of  a  taiiircnt  iralvanoiueter,  l*r«tfc>-or 
Trowhridi^e,  (tl"  llarxard  L'nivei*sity.  employs  a  ^^dvanoineter  in  which 
Whole  No.  Vol.  C'XII.  — iTmird  Seiujx,  Vol.  Ixxxii.)  !» 
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tlie  coil  carrying  the  current  is  capable  of  turnino;  about  a  horizontal 
axis,  passing  through  the  centre  of  the  needle.  When  the  coil  is  ver- 
tical the  instrument  is  a  tangent  galvanometer;  but  on  turning  the 
coil  through  any  angle,  the  part  of  the  current  which  deflects  the  nee- 
dle will  be  diminished  :  by  this  the  current  has  very  little  effect  in 
turning  the  needle  when  the  coil  is  near  the  horizontal  position. 

2.  The  Electrometer  3Iethod. — The  difference  of  potential  between 
two  points  in  a  closed  circuit  may  be  measured  directly,  either 
by  an  electrometer  like  Thomson's  quadrant  electrometer,  or  by  bal- 
ancing the  electromotive  force  between  the  two  points,  by  a  battery  of 
the  same  electromotive  force,  in  the  circuits  of  which  a  galvanometer 
IS  placed,  in  which  case  the  electromotive  force  is  found  by  finding  at 
what  points  the  wires  from  the  battery  shall  be  attached,  so  that  no 
current  shall  pass  through  the  galvanometer.  An  instrument  for  the 
purpose  I  have  described  is  Clark's  potentiometer.  This  method  has 
been  employed  Dr.  Hopkinson  and  by  others,  to  determine  the  current 
produced  by  a  Siemens  macliine  for  the  electric  light.  It  has  also  been 
;applied  by  Mr.  Joubert  and  others  to  determine  the  current  required 
to  make  the  Jablochkoff  candle  burn  at  its  best,  and  also  for  tlie  esti- 
mation of  the  current  given  both  by  continuous  current  machines  and 
also  by  alternate  current  machines  for  producing  the  electric  arc. 

3.  Method  of  Using  Thomson's  Electrometer. — If  V  be  the  poten- 
tial of  the  needle,  and  T\  V^  the  potential  of  the  quadrants  and  d  the 
deviation  of  the  needle,  k  being  a  constant,  then 

But,  if  the  needle  and  one  pair  of  quadrants  be  connected, 
d  =  ^  {  ^\ —  T'a)",  where  T'  =   ]\ 

so  that  the  deviation  is  i)roportional  to  the  square  of  the  difference  of 
potential,  and  is  therefore  independent  of  the  direction  of  the  current. 
By  means  of  two  electrometers  so  arranged,  the  current  and  energy 
expended  between  any  two  points  of  a  circuit  may  be  at  once  deter- 
mined. Fir-st  consider  the  ca.se  of  a  continuous  current.  Let  one 
electrometer  have  its  poles  attached  to  two  points,  A  and  B,  of  the  cir- 
cuit where  the  potentials  are  \\  and  V.,,  having  a  resistance,  r^,  between 
them  and  a  current,  C,  then 

o- =t;-  r, 

Xow  take  two  other  points,   C  and  /),  in  the  same  circuit,  which 
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have  a  (lilUToiice  ol"  jxitciitial,    I'j —    I',,  and  wliii-h    li.ivf  an  cii-ti-..- 
jnotive  forc(>,  ^,  as  woll  as  a  rcsi.stiince,  i\,  Ix'twccii  tli«'ni,  tlicn 

/;  f  c\  =  V,  -  iv 

'J'licii  tin-  ( iicr^'^v  cxiKiidcd  l)otwe(*n  tluse  two  point'i  i.s 

xo  that  the  <l(ll«'<-ti<>n  (tf  the  two  electromotor?*  will  at  once  give  the 

hiUergv  e.\j)en(le<l  =  -y     ' ^  •*. 

;•,     >/;,    /.-, 

One  eleetronieter  ii:ive,<  the  eiilTent,  and  the  two  toijether  <jive  the 
Avork  e.xjtended. 

If,  in.stead  of"  a  eontinuou.-;  eurrent,  we  liave  alternate  currents  ,-uc- 
<'cedinj:;  one  another  at  interval.^  which  are  very  .^hort  compared  with 
the  time  of  o.->cillation  of  the  n<-edle,  then  the  needle  will  remain 
steadily  deHecte(l  at  a  <leviation  |»roportionaI  to  the  mean  \alne  of  the 
scpiare  ol'  the  dillerence  of  )>otential  : 

In  this  ca.-e  the  ililVerence  of  j)otential  must  Ik-  mea.>uri*tl  al)>o!utelv 
at  till'  .same  instant.  This  may  he  done  hy  placin*;  two  ctjutai't  hreak- 
ers  on  the  revoIvin«>:  a.xis  of  th(.'  <lynamo  machine,  so  arranj^l  tliat  by 
both  of  them  c(»nta<'t  is  nrade  and  broken  at  the  same  instant  .some 
2(>,n()0  times  in  a  second,  then  the  two  electrometers  will  irive  the 
<K'sired  resulis.  Ill  |)laee  of  the  electrometer  which  is  emplove*!  to 
jrive  the  streiiirth  of  current,  a  galvanonu'ter  ntav  be  emplove«l,  as  in 
Clark's  j)otenti(»meter,  in  which  casi-  it  is  only  neeessarv  to  h.iv.  ..n.- 
contact  breaker,  and  so  the  arrani^ements  are  more  easily  made. 

The  law  of  variation  ttf  the  currt-nt  in  alternate  eurrent  machines 
may  l)e  obtaininl  by  the  law  of  variation  ot"  the  resistance  fop  dilliivnt 
peritnls  of  <'ontact,  /.  c.  tor  dilVerent  j>hases  of  rotation  of  the  contact 
breaker.  Thu-  the  ililleniii  |)hases  of  the  current  mav  Ik>  studie<l  bv 
ilividiui;  the  peri<M|  into  a  certain  niunlH-r  of  n|ual  parts,  ami.  bv 
means  of  the  contact  bn-aker,  makiuLr  cmitai-t  oidv  at  the  snne  phast- 
ol"  the  j)eriod  of  revolution. 

The  intensity  of  tlu'  lii^ht  at  the  ditUrent  pha.-e-<  «tf  the  |M'riod  mav 

also  be  studieil  and   measureil   by  means  of  revolvini;  dis«-s  w  ith  holes 

in  them,  arran«;eil  so  as  to  let  li«rht  throujrh  oidy  at  the  projHT  in<tant. 

rh(>  result  of  experiments   is  that   the   law  of  incri'ti.se  of  eurivnt   in 

alternate  current   machines  is  the  law  of  simple  harmonic  ?notion,  but 
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the  maxininin  effect  does  not  occur  at  the  ncjnnal  position,  but  is  dis- 
placed in  the  direction  of  the  motion.  Experiments,  of  which  a  full 
account  has  been  given  in  La  Lumiere  Electrique,  have  shoM'n  that 
even  with  coils  alone  there  is  a  retardation  of  the  inductive  action 
arising  from  the  induction  of  a  current  on  itself.  The  retardation  is 
about  ^  of  the  whole  period,  even  with  a  bobbin  without  a  soft  iron 
core,  and  this  displacement  is  independent  of  the  velocit}-,  and  rigor- 
ously the  same  for  400,  700  or  1000  turns  in  a  minute.  In  the  case 
of  magneto-electric  machines,  there  is  a  retardation  which  is  usually 
attributed  to  the  retardation  of  magnetization  of  the  magnet,  but 
that  does  not  apply  to  the  case  of  coils,  in  Avhich  case  the  retarda- 
tion depends  on  tlie  self-induction  of  the  current.  By  the  above 
method,  the  fall  of  potential  between  the  carbons  in  the  arc  nmy  be- 
measured  at  different  phases  of  the  period  of  revolution.  Thus  it 
is  found  that  at  the  instant  when  the  circuit  is  made  there  is  no 
difference  of  potential,  but  in  an  indefinitely  short  time  the  electro- 
motive force  rises  to  40  or  45  volts,  and  remains  at  that  value  almost 
Avithout  change  until  the  current  again  becomes  very  feeble,  and  then 
the  electromotive  force  suddenly  f\ills.  The  difference  of  potential  in 
the  arc  seems  to  be  constant  within  very  wide  limits  for  the  values  of 
the  current.     The  conclusions  arrived  at  by  M.  Joubert  are  that  the  | 

resistance  of  the  arc  is  very  small ;  that  it  varies  with  temperature  and  I 

diminishes  as  the  temperature  increases.     The  difference  of  potential  f 

between  the  two  carbons  is  due  to  an  electromotive  force,  which  is 
independent  of  the  current,  and  which  is  estimated  by  him  at  30  volts. 
Particles  pass  between  the  carbons  just  as  between  tlie  electrodes  in  a 
voltameter.  .  There  seems  to  be  an  action  like  polarization,  and  the 
work  done  depends  only  upon,  and  is  proportional  to,  the  quantity  of 
electricity  which  passes. 

Another  method  of  measuring  the  cvirrents  which  is  applicable  to 
both  continuous  currents  and  to  obtain  the  average  values  of  alternate 
currents,  depends  on  the  development  of  heat  in  an  electric  circuit. 
It  was  shown  by  Joule,  and  follows  from  the  law  of  transformation 
of  energy,  that  the  heat  developed  by  a  current,  C,  in  a  resistance,  )\ 
in  time*^  t,  is  C  r  t,  hence  the  current,  C,  may  be  measured  by  the 
quantity  of  heat  received  in  a  given  time  by  water,  in  which  a  resist- 
ance, r,  is  immersed.  This  method  has  been  employed  by  Dr. 
Siemens,  and  was  one  of  the  methods  employed  by  Pr.  Hopkinson  in 
measuring:  electric  light  currents. 
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III  his  cxiMrimonts  .Ionic  insertr*!  ;i  wiic  <»!'  known  n'sistaiK-*' in  a 
^ivcn  (|UiMitilv  of  \v:it<  r  |)la<-c(l  in  a  ralorinictcr,  an<l  incasnnil  tlie 
<'lian<:;<'  of  f<'ni|M  riiliuc  ol"  tlio  water,  and  alst»  niciu'^nrcfl  tlj<?  <*iiiTt'nt, 
:iM<l  I'onnd  tli.it  //  =  (.'-  r  t,  wImic  //  is  tlic  <|nantity  of  Iicat  pHMlnr-e*! 
hy  tlic  cnrrciil. 

1  lie  J'J/(Tfro-I)i/n((iu(nnrfrr  Mrtltod. — Tlifrc  is  still  anotlicr  nirtlnMJ 
of  incasnrini:-  cinicnts,  wlii<ji  Maxwell  says  ''is  |>rol»al)ly  the  i)est  tittc<I 
for  ahsohite  njeasnrenienls." 

In  W'ehcr'.s  electro dynanioinetcr  one  coil  i-.  sn-pendcd  within 
another  hy  niean.s  (jf  two  fine  wires,  throni^h  which  the  cnrrent  is  le<l 
(o  the  snspended  coil.  This  arranueinent  is  not  snitahle  for  |)owei-ful 
currents,  hecanse  shnnts  heconie  necessary,  and  hecaiise  the  snsj)cnde«l 
wires  heeoine  heated. 

Am  electro-dvnainoineter  on  the  >anie  |)rincij)le  has  l»een  deviled  I»y 
J^r.  ('.  \y .  Siemens,  who  has  kindiv  lent  inc  one  ot' his  in.-trnincnt->  for 
the.^e  lectnres. 

Attachctl  to  a  l)indin>i  sci-cw  is  one  end  ot"  a  lixed  coil  or  hoKKin, 
a«'ross  which  a  >inLrle  tnrn  of  co|i|ter  wire  with  its  ends  di|»|»inL'  into 
two  niercnrv  cn)»<,  is  freelv  sns|»cndcd  in  a  vertical  plane,  so  as  to  inrn 
ahonf  a  Ncrtical  axis.  One  of  the  niercnry  cnj>s  i-;  ele<'trieally  con- 
nected wiiji  a  i)indin^  .screw,  and  the  other  with  one  end  of  the  tixcnl 
c<»il,  so  that  the  same  cnrrent  passes  thronijh  the  lixe<l  coil  and  sns- 
j)ended  wii'c.  When  the  cnrrent  passes,  the  suspcndiil  win*  lends  to 
turn  alxtnl  a  vertic;il  axi~,  l»nt  its  motion  is  conntera<*ted  hy  a  toivion 
spriniT,  to  one  end  of"  which  the  wire  is  attached,  the  other  i-nd  U-inj; 
fixed  to  a  socket  carrvinix  an  index,  which  mn.-«t  he  inove<l  over  a  ;;ni- 
diiated  circle,  so  as  to  l>rin|j;  the  siisjMiKled  wire  hack  to  it.s  initial  jxtsi- 
tion.  The  action  hetween  the  currents  in  the  i'oils,  and  therefore  the 
tiiision  which  measures  it,  is  proportional  to  the  sipiMre  ot"  the  current. 
Hy  inereasiiiij  the  nnmher  of"  turns  in  tin*  fixed  coil,  and  haviiiir  onlv 
one  turn  in  the  >n<|»ended  wire,  the  a<'tion  ot"  the  earth's  ma<;netisni 
on  th<'  current  in  the  suspended  wire  may  Ik*  ne<j:lected  in  «*om|»ari<on 
with  the  action  of  the  fixed  coil  upon  it,  so  that  th«'  position  of  the 
|tiaiie  of  the  majiiielie  meridian  at  the  place  of  ol>si'rvat ion  may  l>o 
disreuarde*!  in  usinj;  this  instrument.  I'here  are  n>uallv  two  tix«Hl 
coils  or  l)oi)l)ins;  one  e«»il,  attached  to  a  hiudini;  s<"r«'W,  U'ln^  of'a 
small  mimher  of  turns  of"  thick  wire  f"or  continuous  currents,  and  the 
other,  attachctl    to   a   similar   hindiuix  sen'W,  K'iuir   much   lou'^'cr  and 
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finer,  for   use  witli   machines  giving  alternate  currents  or  currents  of 
hieli  tension. 

An  electro-dynamometer  lias  also  been  devised  by  Professor  Trow- 
bridge, of  Harvard  University,  in  which  there  arc  two  large  fixed 
coils  made  from  copper  bands,  between  which  is  suspended  from  a  tor- 
sion head  a  small  coil  with  mercury  connections,  so  that  all  the  current 
passes  through  each  coil.  This  instrument  has  been  improved  by  Mr. 
W.  X.  Hill,  who  limits  the  swing  of  the  central  coil,  and  measures 
the  current  by  bringing  the  coil  back  to  its  zero  position,  by  balanc- 
ing the  force  of  repulsion  of  the  coils  l)y  weights  jilaced  in  two  scale 
pans,  one  on  each  side  of  the  instrument,  so  as  to  l)alance  the  action  of 
the  current  by  torsion  of  the  suspending  wire.  If  C  be  the  cairrent^. 
w  I  the  twisting  moment  of  the  weight,  w,  G  and  y  the  constants  for 
the  two  coils,  and  k  the  constant  of  the  instrument, 

then  C  =  -i^ 
kGg 

G  and  g  are  found   by  measurement,  and  k  is  found   by  comparison 

M-ith  another  instrument.      Through  the  kindness  of  Messrs.  Elliott 

Brothers  I  have  the  o])portunity  of  bringing  befoi'e  you  an  electro- 

dyiwniometer  of  this  form  Avith  the  latest  improvements.     This  form 

of  dynamometer  is  especially  applicable  for  large  currents,  since  the 

weights  required  to  bring  the  deflection  to  zero  increase  as  the  square 

of  the  current,  and  so  greater  accuracy  may  be  attained. 

(To  be  continued.) 


Mechanical  Imitation  of  Electric  and  Magnetic  Actions. 

— Chase's  apparatus  for  imitating  "lines  of  force"  and  showing  a 
mechanical  control  of  magnetic  currents  has  furnished  a  precedent  for 
many  similar  contrivances.  One  of  the  latest  is  that  of  M.  C.  A.- 
Bjerknes,  for  the  hydrodynamic  imitation  of  electric  and  magnetic 
actions.  The  inventor  proposes  to  use  his  apparatus  not  only  for  the 
investigation  of  known  laws,  but  also  for  the  discovery  of  laws  and 
methods  which  have  been  hitherto  unknown.  He  has  been  for  some 
time  occupied  upon  the  study  af  oscillations  of  various  kinds.  His 
attention  appears  to  have  been  turned  in  this  direction  by  the  acoustic 
attractions  and  repulsions  which  were  experimentally  examined  by 
Guyot,  Schellbach  and  Guthrie,  and  which  have  been  partially  studied 
mathematically  by  Sir  Wm.  Thomson. —  Oomptes  Rendas.  C. 
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INDKiO  AM)   ITS  AKTIFICIAI.   I'UODl'C  TIOX. 


]}y  JI.  K.  Jioscoi:,  JJ>.1).,  F.U.S.,  I'roidcnt  of  the  ClKiiiiral  SM-itty 
A  iKijur  rt-iiil  Iiofnn-  tin-  I{oy;)l  hi^titiition  of  (Jrcat  Brituiii,  I'riilay,  May  27,  ISSl. 


More  lliaii  clcxcii  ycai-s  ;i;;ti  iliu  sj)cak<'r  liad  the  j)lcasuro  of  hriiij^- 
iiit;  In-fon;  tliis  aiulieiico  a  discovcn'  in  svutlictic  clii'ini^trv  of  trrcat 
interest  and  i ni porta n<'<-',  vi/.,  that  <>f  th<- artilicial  j)r(Mhiction  of  aliz- 
arin, the  cohirin^  .snl)slaiicf  of  madder.  To-day  it  is  liis  j»rivile^;e  to 
point  ont  the  attainment  (»f  another  eijually  strikin;^  ease  of  synthesis, 
vi/..,  tiie  artifieial  formation  of  indi;j;o.  In  this  last  instanee,  as  in  the 
former  ease,  the  world  is  indebted  to  (jlerman  seienee,  althonj^h  to  dif- 
ferent individuals,  for  the.se  interesting;  results,  tlie  .synthesis  of  indij^o 
Jiaving  been  achieved  l»y  I'rofe.ssor  Adolf  IJacyer,  the  wortliy  .sucx'cssor 
of  the  illustrious  Lichii;-  in  the  ITniversity  of  Munich.  Here,  then, 
\V(!  hav<'  another  proof  of  the  fact  that  the  study  (»f  the  most  intrie;ite 
problems  of  orii;anii'  chemistry,  and  those  which  apjtear  to  manv  to  Ikj 
furthest  removed  frnm  any  practical  aj>plication,  ai"c  in  reality  capable 
of  yieldinj;  results  having-  an  absolute  value  measured  by  hundre<ls  of 
thousands  of  pounds. 

In  proof  of  this  as.sert ion.  it  is  oidy  necessary  to  mention  that  the 
value  of  the  indigo  imported  into  this  count r\'  in  the  vear  1.S7J) 
reached  the  enormou>  sum  of  do.se  «»n  two  millions sterlinir,  whilst  the 
tcttal  i>roduction  of  the  world  is  a.-^sessed  at  twici'  that  amoimt  ;  .^^o  that 
if,  as  is  eertainly  not  im])o.-.siblc,  artilicial  indii^o  i-an  be  prepared  at  a 
price  whii-h  will  i-ompeie  with  the  native  |»roduct,  a  wide  lield  is 
indeed  open  t(»  its  manufacturers. 

liuIi<;o,  jLs  is  well  known,  is  a  eolorinj;  matter  which  ha>  attracted 
attention  from  very  early  times.  C'h»th  dyed  with  indi:4;o  juus  Ikx'H 
ibuiul  in  the  oKl  Ki^yptian  tond)s.  Tiie  nu'thod  of  |)reparinj:  and  usinj; 
this  color  is  accurately  described  by  both  IMiny  and  I  )ioM-oride>,  anil 
the  early  inhabitants  of  the.^e  islands  were  well  ac«|uaiMtcil  with  indij^o, 
which  they  (»btaincd  iVom  the  lOuropt-m  indigo  plant.  L^dlis  (incdt- 
rid,  the  W(»ad  plant,  (»r  pa-td.  With  this  they  dyed  their  j;arn>ents 
and  i)ainted  their  skins.  Alter  the  di.set)very  of  the  pa.s.si|!:e  to  India 
by  the  C\ipe  of  (Jood  Hope,  the  Eastern  indij^o,  derivinl  from  various 
species  of  Iii(U(/oj\i(i,  gradually  tlisj)lacol  woad,  as  cont.iinini:  more  of 
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the  coloring  matter.  Bat  tliis  wa.s  not  acconiplisbed  without  great 
opposition  from  tiie  European  growers  of  woad ;  and  severe  enact- 
ments M'cre  promulgated  against  the  introduction  of  tlie  foreign  color- 
ing matter,  an  edict  condemning  to  deatli  persons  "  who  used  that 
pernicious  drug  called  devil's  food"  being  issued  by  Henry  the  Fourth 
of  France.  The  chief  source  of  Indian  indigo  is  the  Indigqfera  tlnc- 
torla,  an  herbaceous  plant  raised  from  seed  which  is  sown  in  either 
spring  or  autumn.  The  plant  grows  with  a  single  stalk  to  a  height 
of  about  3  feet  6  inches,  and  about  the  thickness  of  a  finger.  It  is 
usually  cut  for  the  first  time  in  June  or  July  and  a  second  or  even  a 
third  cutting  obtained  later  in  the  year.  The  value  of  the  crop 
depends  on  the  number  of  leaves  which  the  plant  puts  forth,  as  it  is 
in  the  leaves  that  the  coloring  principle  is  chiefly  contained.  Both  the 
preparation  of  the  coloring  matter  from  the  plant  and  its  employment 
as  a  dye  or  as  a  paint  are  carried  on  at  the  present  day  exactly  as  they  have 
been  for  ages  past.  The  description  of  the  processes  given  by  Dios- 
corides  and  Pliny  tally  exactly  with  the  crude  mode  of  manufacture 
carried  on  in  Bengal  at  the  present  day,  as  follows : 

"  The  Bengal  indigo  factories  usually  contain  two  rows  of  vats,  the 
bottom  of  one  row  being  level  with  the  top  of  the  other.  Each  series 
numbers  from  fifteen  to  twenty,  and  each  vat  is  about  7  yards  square 
and  3  feet  deep;  they  are  built  of  brickwork,  lined  with  stone  or 
cement.  About  a  hundred  bundles  of  the  cut  indigo  plants  are  placed 
in  each  vat  in  rows  and  pressed  down  with  heavy  pieces  of  wood ;  this 
is  essential  to  the  success  of  the  operation.  Abater  is  then  run  in  so  as 
to  completely  submerge  the  plants,  Avhen  a  fermentation  (piickly 
ensues,  which  lasts  from  nine  to  fourteen  hours,  according  to  the  tem- 
perature of  the  atmos])here.  From  time  to  time  a  small  quantity  of 
the  liquor  is  taken  from  the  bottom  of  the  vat  to  see  how  the  opera- 
tion is  proceeding.  If  the  liquor  has  a  pale  yellow  hue,  the  product 
obtained  from  it  will  be  far  richer  in  quality  but  not  so  abundant  as  if 
it  had  a  golden-yellow  appearance.  The  liquor  is  then  run  off  into 
the  lower  vats,  into  which  men  enter  and  agitate  it  }\y  means  of  bats 
or  oars,  or  else  mechanically  ))y  means  of  a  dash-wheel,  each  vat 
requiring  seventeen  or  eighteen  workpeople,  who  are  kept  employed 
for  three  or  four  hours.  During  the  operation,  the  yellow  liquor 
assumes  a  greenish  hue  and  the  indigo  separates  in  flakes.  The  liquor 
is  then  allowed  to  stand  for  an  hour  and  the  blue  pid[)y  indigo  is  run 
into  a  separate  vessel,  after  which   it  is  pumped   uj)  into  a   pan  and 
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boiled,  in  order  to  |)revont  a  socond  fcnnoutation,  which  wouhl  spoil 
tho  prodiirf  hy  jriviiji;  rise  to  a  hrowii  inattor.  Tin*  wholo  is  thou  left 
to  .stand  foi*  twenty  honrs,  wIhmi  it  is  a;rain  boiled  for  thre<*  or  four 
hours,  alter  wliieh  it  is  run  on  to  ];ir<^o  filters,  whi<h  are  plaeed  over 
vat.s  of  strnu'work  al)ont  7  yards  lonjr,  2  yards  wide  and  1  yard  df^-p. 
The  fdtei-s  are  made  by  plaejntr  bamboo  eanes  a<'ros>^  the  vats,  covering 
these  with  bas-;  inat-^  and  ovi-r  all  stretehin;;  strong  ejinvas.  The 
j^reater  part  of  tin-  indiiro  remains  under  the  form  of  a  dark-ldne  or 
nearly  black  jiaste,  which  i«  introduced  into  small  wooden  frames 
havin^^  holes  at  the  bottom  :ind  lined  with  stron<;  canvas.  A  pie<"e  of 
canvas  is  th(Mi  |>lace<l  on  tlie  top  of  the  frame,  a  jwrfbratetl  wixkIcii 
cover,  which  fits  into  tlie  i»o.\,  pur  over  it  and  the  whole  submittal  to 
a  i^ra«lnal  pressure.  When  n-  mu<-h  of  the  water  a's  possible  has  Iwen 
S(juee/ed  out,  the  covers  are  removed  and  the  indiiro  allowetl  to  drv 
slowly  in  larire  dryin;x  shed-;,  from  whieh  liLcht  is  <tirefnllv  exelnde*!. 
M'hen  dry,  it  is  ready  for  the  marki  r  ]'ir]>  v  it  vIil.U  t'r,.>ii  .M  t,.  .■>(j 
lbs.  of  indi<j;o"  (Graee-Calvert). 

The  same  proeos  carried  out  in  tlie  times  of  the  Greeks  is  thus 
described  by  Dioseorides :  "  Indi<r(»  used  in  dveini;  i«<  a  purple-<*ol- 
orcd  froth  formed  at  the  top  of  the  boiler;  this  is  collected  and 
dried  by  the  manufacturer;  that  possessing  a  bine  tint  and  U'lni; 
brittle  is  esteemed  the  most." 

The  identity  of'  the  blue  coloring;  matter  of  woad  and  that  ot'  the 
I)eiiL'^;il  |)lant  Mas  proved  by  Ibllot  and  bv  IManer  and  Trommsdorti' 
at  tho  end  of  the  last  century.  These  latter  chemists  showed  that  the 
blue  color  of  the  woad  can  be  sublimed  and  thus  obtained  in  the  pure 
state ;  a  fact  which  was  first  mentioned  in  the  case  of  indiiro  bv 
O'Hrien,  in  17.SJ>,  in  hi<  treatise  on  calico  printing;.  Indi;<rothiH  pnri- 
fiwl  is  termed  indiirotin.  It  has  been  an.alv/etl  bv  various  chenji-its, 
who  ascertained  that  it<  eompo-itiou  m.av  be  mo«.r  -inipiv  exiire—  d  l>\- 
the  formula  C.H.NO. 

Indiiro  is  a  blue  jtowder,  insoluble  in  water,  alkalies,  alcohol  and 
most  common  liiptids.  In  order  to  employ  it  :i-i  a  «lvein;r  airent  it 
must  be  obtained  in  a  form  in  which  it  can  be  tix«Ml  <»r  firndv  held 
on  to  the  fibres  of  tin-  cloth.  This  is  always  cfUvtini  by  virtue  of 
a  jiropcrty  possessed  by  indiiro-blue  (»f  nunbininir  with  hv<iroiren  to 
form  a  colorless  ImmIv,  soluble  in  alkalies,  known  a>  iutliiro-whirc  or 
reduced  indiiro,  of  which  the  sim|)le-.l  formula  is  (MI,N().  'ihis 
sijbstance  rapidly  absorbs  oxyjren  from  the  air  and  pa»es  into  the  bine 


298  Avtifidal  Indigo.  [Jour.  Frank.  Inst., 

insoluble  indigo  which,  being  held  In  the  fibre  of  the  cloth,  imparts 
to  it  a  permanent  blue  dye.  This  reduction  to  white  indigo  may 
be  eiFected  in  various  ways.  The  old  cold  vat,  or  blue-dip  vats  as 
they  are  termed,  consist  of  a  mixture  of  indigo,  slaked  lime  and 
green  vitriol.  The  latter  salt  reduces  the  indigo  and  the  white 
indigo  dissolves  in  the  lime  water.  This  process  of  indigo  dyeing 
is  both  expensive  and  troublesome,  owing  to  loss  of  indigo  and  form- 
ation of  gypsum,  so  that  many  plans  have  been  jjroposed  to  remedy 
these  evils. 

Concerning  the  origin  of  indigo  in  the  leaves  of  the  Indigofera^ 
various  and  contradictory  views  have  been  held.  Some  have  supposed 
that  blue  indigo  exists  ready^formed  in  the  plant,  others  that  white 
indigo  is  present  which,  on  exposure  to  t),ir,  is  converted  into  indigo- 
blue.  Schunck  has,  however,  proved  beyond  doubt  that  the  woad 
plant  [Isatls  tinciorla),  the  Indigqfera  tinctoria  of  India  and  the  Chi- 
nese and  Japanese  indigo  plant  {Polygonum  tinctorium)  contain  neither 
indigo-blue  nor  white  indigo  ready  formed.  It  is  now  known  that  by 
careful  treatment  tlie  leaves  of  all  these  indigo-yielding  plants  can  be 
shown  to  contain  a  colorless  principle  termed  indican,  and  that  this 
easily  decomposes,  yielding  a  sugar-like  body  and  indigo-blue.  That 
white  indigo  is  not  present  in  the  leaves  is  proved  by  the  fact  that  this 
compound  requires  an  alkali  to  be  })resent  in  order  to  bring  it  into 
solution,  whereas  the  sap  of  plants  is  always  acid.  The  decomposition 
is  represented  by  Schunck  as  follows : 

C,6H3.NO,,+2H,0=C,H,NO+3CeH,oOe. 

Indican.  Indigotin.  Indigluciu. 

So  readily  does  this  change  from  indican  to  indigo  take  place  that 
bruising  the  leaf  or  exposing  it  to  great  cold  is  sufficient  to  produce  a 
blue  stain.  Even  after  mere  immersion  in  cold  alcohol  or  ether,  wdien 
the  chk»rophyl  has  been  removed  the  leaves  appear  blue,  and  this  hjis 
been  taken  to  show  the  pre-existence  of  indigo  in  the  plant.  But 
these  appearances  are  deceptive,  for  Schunck  has  proved  that  if  boiling 
alcohol  or  ether  be  used,  the  whole  of  the  color-producing  body  as 
well  as  the  chlorophyl  is  removed,  the  leaves  retaining  only  a  faint 
yellow  tinge,  whilst  the  alcoholic  extract  contains  no  indigo-blue,  but 
on  adding  an  acid  to  this  liquid  the  indican  is  decomposed  and  indigo- 
blue  is  formed. 

Passing  now  to  the  more  innncdiate  subject  of  his  discourse,  the 
speaker  again  reminded  his  hearers  that  indigo  was  the  second  natural 
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(•oloriii<i-  iiiMticr  \vlii<'lj  lias  Ik-cm  artificially  |trcjiarc(.l  ;  aliziirin,  the 
coloriiij^-  matter  of  tlic  madder  root,  hciiii;  tli(r  lir-^t.  ^Vs  a  rule,  tlie 
~iiiij»lcr  |>iol)lcms  of  syiilljetic  chemistry  arc  thcw  to  wlii<'li  solutioiLs 
arc  the  soonest  loimd,  am!  thcs(?  instances  I'orm  no  c.vccption  to  tlic 
rule.  The  synthetic  prtKhiction  of  indijro  is  a  more  dilljcult  matter 
than  the  artificial  formation  of  ali/arin,  and  hence  the  sjieakcr  did  not 
ai»olo<;ize  for  leadinn-  ii|)  t<»  the  com|»Iex  thiouirh  the  more  simple  phe- 
nomenon. 

\\  hen  the  ini:eiiions  .Ja|»anese  workman,  who  had  never  sei'n  a 
watch,  had  one  uiven  to  him  in  order  to  maki'  a  dn|)licat<',  he  took  the 
only  sensible  course  open  to  him,  and  carefully  j)ulled  the  watch  t<» 
pieces,  to  see  how  the  vari<»us  parts  were  connecte(l  to;^ether.  Ilavinj; 
oMcti  a.seertainetl  this,  his  task  was  a  comparatively  cusy  one,  for  he 
then  had  only  to  make  the  separate  j)arts  and  fit  them  to<;ether,  and  he 
thus  succedeil  so  well  in  imitatinu-  the  real  article  that  net  one  could 
tell  the  dirtereiice.  So  it  is  with  the  chemist ;  until  he  knows  how  the 
('omj)ound  i>  itiiilt  up,  that  is.  until  he  has  juseertained  its  constitution, 
any  attem|)t  at  synthesis  is  more  like  e-r,,|,in«r  in  the  dark  than  like 
shapin;^  the  course  l>y  well-know  n  landmarks  into  harhor. 

In  tile  ea.se  of  ali/arin  it  was  easy  t<»  reduce  it  to  it>  simj)lest  terms 
and  to  show  that  the  hackhone  of  this  coloriiii::  matter  is  anthnn'i-nc, 
CYiH„„  a  hydrocarhon  ioiind  in  <'oal-tar.  This  fact  Uinir  asccrtainc*!. 
the  next  step  was  the  further  process  of  clothin<r  the  liydnM-arhon  l>y 
add i no-  lour  atoms  of  oxyir^'n  and  suhtractiui:;  the  two  atom-  of  h\dio- 
i^en  present  in  excess,  and  this  was  s(Mtn  suee<'.ssfullv  accompli-hcil,  so 
that  now,  as  we  know,  artifn-ial  ali/arin  has  excludc<l  tin-  natural 
coloriiie-  iiKittcr  all<»^etlier. 

('„II,().,(()H),. 

Ali/jtriii. 

\\  hat  now  was  the  lirst  step  «^iine<|  in  <tiu'  knowleil«re  concerning 
the  constituti<in  of  indij^o,  of  which  the  simplest  formula  is  C'^H.XO? 

Sri:i'  No.  1. — This  was  made  so  lontr  a^o  as  ISl",  when  Frit.<«lic 
proved  that  aniline,  ( V,H-.XII_..  «*an  he  ohtaimnl  iVom  indi^ro.  The 
name  for  this  now  well-known  sui)stanee  is  indcetl  dcrivetl  from  the 
I'ortUiiUese  "anil,"  a  w<»rd  use<|  to  desi<;natc  \\\v  hhu'  color  tVom 
iiidi<i(».  This  result  of  Frit-che's  is  of  threat  importance,  a.s  showiui; 
that  indim>  is  huilt  u|»  from  the  well-kiutwn  hen/inc  rinir,  (V.^^-.'  ''"' 
skeleton  of  all  the  anmiatie  eoinpomids  and.  moi'eovt-r.  that  it  contains 
an  amido-  oroup. 
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Step  No.  2  was  also  made  bv  Fritsclie  in  the  following  year,  when, 
})y  boiling  indigo  with  soda  and  manganese  dioxide,  he  obtained  ortho- 
amido-benzoic  acid  or,  as  he  then  termed  it,  anthranilif  acid.  The 
following  is  the  reaction  which  here  occurs : 

C8H5NO+0+2H/)=CVH,NHA+CH,02-* 

Indigo.  <.>itbo  amido-benzoic  acid. 

What  light  does  this  fact  shed  upon  the  constitution  of  indigo  ?  It 
shows  (1)  that  one  of  the  eight  atoms  of  carbon  in  indigo  can  be 
readily  separated  from  the  rest ;  (2)  that  the  carbox yl  and  the  tunido- 
group  are  in  neighboring  positions  in  the  benzine  ring,  viz.,  1  and  2. 
For  Ave  have  three  i.someric  acid.s,  of  the  following  composition  : 


Ortho  position. 

CO.HA 
/1\ 
6     2NH2 


5     3 

\4/ 
V 


Meta  position. 

ACO,H 

/    \ 


NH, 


\     / 
V 


Pai'a  position. 

CUH  A 

'   /    \ 


\   V 
VNH, 


Step  No.  3. — The  next  advance  of  importance  in  this  somewhat 
-complicated  matter  is  the  discovery  by  Erdmann  and  Laurent  inde- 
pendently, that  indigo  on  oxidation  yields  a  crystalline  body  which, 
however,  po.ssesses  no  coloring  power,  to  which  they  gave  the  name  of 

isatin. 

CgH^NO  -t-  ()=C,H.N02. 

Indigo.  Isatin. 

Step  No.  4.^ — The  reverse  of  this  action,  viz.,  the  reduction  of  isa- 
tin to  indigo,  was  accomplished  by  Baeyer  and  Emmerling  in  l.STO 
and  1878,  by  acting  with  phosphorus  pentachloride  on  isatin  and  by 
the  reducing  action  of  ammonium  sulphide  on  the  chloride  thus 
formed. 

Understanding  now  something  of  the  structure  and  of  the  relation- 
ships of  the  body  which  we  wish  to  build  up,  let  us  see  how  this  edi- 
fice has,  in  fact,  been  reared.  Three  processes  have  been  successfully 
employed  for  carrying  out  this  object.  But  of  these  three,  only  one 
is  of  practical  imj^ortance.  A  synthetic  process  may  yield  the  wished- 
for  result,   but  the  labor  incurred  may  be  too  great  and  the   los.ses 

*  Bottinger,  Deut.  Ckem.  Ges.,  1877,  i,  269. 
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(liiriii<r  tlio  (".iiiiiKiiLMi  may  Ik*  t(Mi  scvci'*;  to  n-M<l«T  it  |M».-il»|c  to  rc[M-:it 
the  operation  with  a<lvaiita«r<'  oii  a  Iar<r<i  scale  Just  as  it  (xwts,  at 
tilt!  usual  rate  of"  waircs,  luon-  tiian  twenty  sliillin<r>  to  wash  a  sav- 
ereijrn's  woi-tli  (»t'  ^oM  out  of*  the  Rhine  saiul-,  so  that  this  <-mi»lMy- 
iiient  is  onl\'  <:ifiM<<l  on  when  all  <»thci-  tra<It-;  tail. 

For  the;  >;alve  of"  conipleteUJ-ss  h-t  US,  hnwevcr,  enii>i(jcr  all  llini- 
proecsses,  although  \o~.  1  ami  "J  .irr  at  prc-tiit  iM\(tii(l  the  p.ih-  of 
|»ni('tical  seheine.s. 

These  tiiree  processes  have  eerUiiii  |>oint>  in  coniinon.  (1)  Tiit-y  all 
pi"ocee<l  from  some  eompouiui  c-ontainini;  the  hen/.ine  nucleus.  (*2)  They 
all  start  from  c(»mpoun<ls  containinii^  a  nitrotren  atom,  (.'i)  They  all 
commence  with  an  ortho-  c«)m|»onn(l. 

riiey  <litTcr  l"ntm  one  anothci',  inasnnich  as  procj-ss  No.  1  -tarts 
tVoiii  a  com[>(»iui(l  containin;:  7  atoms  of"  carbon  (instead  of  iSj,  ami 
t<»  this,  therefore,  one  more  atom  nnist  he  adihnl  ;  pnK-ess  No.  '2.  on 
the  other  hand,  starts  from  a  hodv  which  contains  exactly  the  riirht 
nund)er  (S)  of  caihon  atoms;  whilst  No.  .">  conunences  with  a  com- 
|)ound  in  which  !•  atoms  of"  carhon  are  contained  and  from  which. 
ther<'fore,  I  atom  has  U*  he  al)stract<'d  hefore  indiiro  ("an  he  reache<|. 

Pi'orr.s.'i  Xo.  I  (KekuN' — ( 'laisscn  and  Sha<lwell). — Si  loiii;  air<>  a.< 
ls(;!l,  Kelvid('  |»redi<ted  the  constitution  of"  i>atin  and  jltivc  to  it  the 
fornuila  which  "we  now   know   that  it  possesses,  viz.  : 

CO 

Ml 

Followinj;  u|)  thi>  view,  C'lais-en  nnd  Shadwell,  two  ot'  Kekule'> 
pupils,  succeedetl  in  prcjiariui:-  i<atin  and.  tli. n  tc.r,-.  Inditjo  t"ron» 
ortho-nit ro-henzoic  a<'id. 

The  following;  are  the  step>  in  the  ascn-nt  : 

1.  Orth<>-nitro-hen/.oic  a<'id  acted  on  hy  j>ho-phoni~  pt  ntachloride 
yields  the  eldoride,  (',11,  (N(  )jC(  X  "1. 

2.  This  latter  heated  with  -il\ei*  cyanide  yields  the  nitril,  C'cH. 
(XOJCO.CX. 

.">.  On  heating"  t hi-  with  caustic  j>ota-h  it  \  iri.l--  ..itliM-nitro-pli.nvl- 
^rlyoxylic  acid,  (  ..n.iNlLK'O.CO.II. 

I.  fhis  is  converted  l»y  na.-ti'Ut  hvilrogeu  into  tluaniido-  «-\>n«|MunKi, 
C,ll,uNll,)C0.C'O,ll. 
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0.  And  this  loses  water  and  yields  isatin,  CgH4NH.CO.CO. 

(Q.  E.D.) 

The  reasons  why  this   process  will   not  work   on   a  large  scale  are 

patent  to  all  those  who  have  had  even  bowing  acquaintance  with  such 

unpleasant  and  costly  bodies  as  phosphorus  j)entachloride  or  cyanogen. 

Process  No.  .?. — Baeyer's  (1878)  synthesis  from  ortho-nitro-phenyl- 

acetic  acid. 

This  acid  can  be  obtained  synthetically  from  toluol,  and  it  is  first 
•converted  into  the  amido-  acid  and  which,  like  several  ortho-  com- 
pounds, loses  Abater  and  is  converted  into  a  body  called  oxindol,  from 
which  isatin  and,  therefore,  indigo  can  be  obtained.  The  precise 
steps  to  be  followed  are : 

1.  Ortho-amido-phenyl-acetic  yields  oxindol: 

CH^CO.H  Cff 

/  "  /  -X 

CfiH^  =   C,U,  CO+H2O. 

\  X 

NH2  NH 

2.  This  on  treatment  with  nitrous  acid  yields  nitros-oxindol : 

C(NO) 

/  \ 

CgH^  CO. 

X 
NH 

3.  This,  again,  with  nascent  hydrogen  gives  amidoxindol : 

CH(NH2) 

C^h/  CO. 


/ 
/ 


NH 

4.  Which  on  oxidation  gives  isatin 

CO 


C.H^  CO. 


CH  (Q.  E.  D.) 

This  process,  the  feasibility  of  which   had  also  been  foreseen  by 

Kekule,  is,  however,  not  available  as  a  practical  scheme  for  various 

reasons. 

Process  No.  3. — This  may  be  called  the  manufacturing  process  and 

was  also  proposed  by  Bacyer.     It  starts  from   cinnamic  acid,  a  sub- 
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stance  contained  in  jthmi  l)cnzoiii,  l):i!-:un  of  \\\\\  and  >oinc  few  other 
aromatic  bodies.  Tlio-sc  sonrce^^  are,  liowever,  far  too  expensive  to 
lender  tliis  acid  thus  ohtained  available  for  inannfactnrin;/  j)iir|)oses. 
\\\\\  Jicrta^nini,  in  1S.")(),  li:i<l  obtained  cinnaniic  aeid  artilicially  fr<»m 
oil  of  bitter  almonds,  and  otlur  |M-oces<es  fr>r  the  same  pnrpose  have 
since  been  carrie<l  ont.  Of  these,  that  most  lik(dv  to  be  widelv 
adoj)t<'d  is  the  followinij;  practical  modihealion  I.\  T)i-.  ('^\•,^  ..f  Mr. 
l*erkin's  bwuitifnl  synthesis  of  cinnaniic  acid  : 

1.  cyi,cii,-f4Ci=c«ir,CH('i,+2ii(  i. 

Tuluoiip.  Hi'iizvli'iii-  pirlilnriili'. 

2.  CflU,CIICL  +  :^CiI,.C().().Na  = 

noii/yli-ne  DiclilmiiK'.  Sxliiiiii  .\<-ftiiii'. 

C.dl.Cli  ^ZZCII.CO.OlI.^-^XaCl. 

riiinaniic  Aci<l. 

lint  why  did  JJaeyer  select  this  D-carbon  aeid  from  which  to  j)repar<' 
indigo?  For  this  he  liad  several  reasons.  In  the  first  |)lace,  it  had 
lon^  been  known  (hat  all  indi;r«>  compoiuids  when  heated  with  zinc 
<ln-t  yield  indol,  C^H-X,  a  body  which  stands,  therefure,  t<»  indi;.ro  in 
the  same  relation  as  anthracen  to  alizarin,  antl  Haever  and  ICmnu  rlinu^ 
had,  so  loni::  ago  jis  1S()!»,  prepared  this  iiidol  from  ortho-nitro-eimia- 
mic  aei.l,  thns:  C,H,(NO,)(;(),lI=(;iI,X-}-Oj  +  CO,. 

Secondly,  the  ortho-nitro-eiiinamic  acid  re»piired  (for  we  must 
remembiM-  that  indigo  is  an  ortho-  compound  an<l  also  contains  nitro- 
gen) can  be  reailily  prepared,  and  this  itself  ag:iin  c;in  be  obtained  on 
a  large  scale.  Thirdly,  this  acid  readily  parts  with  one  atom  of  car- 
bon and  thus  renders  |)ossible  its  conversion  into  S-carbon  indiixo. 

The  next  steps  in  the  process  are  (."*>)  the  fttrmation  of  ortho-uitro- 
cinnamic  acid,  (4)  the  conversion  of  this  into  its  dibromide,  (.'>)  ihe 
se|)aration  from  this  of  the  two  molecides  of  hv«lrobromic  acid,  t;iving 
rise  to  (»rtho-nitro-|(henyl-propiolic  acid,  and  ((5)  htstly,  the  cttnversion 
of  this  latter  into  indigo  by  heating  its  alkaline  .solution  with  grajx' 
sugar,  xanthate  of  soda  or  other  re(hicing  agent.  Thes<'  reactions  an* 
thns  represented : 

:\.  (  ,.II,CH=i:CH('()()!I         (VU,fX(),)CHlI=:CII.(()()H. 

Cinniunic  A. LI  ;  ih<>-nitr.>-tinnauik'  A<|i|. 

In  (his  process  the  juia-  :iri,i  i^  jn^,,  .n.iiined  and.  as  this  i-  n-  1.-- 
for  (he  manufac(ure  of  in<ligo,  it  has  to  W  removed.  This  i>  etli.t.d 
by  converting   the  acids   iuto  their  ethyl-ether-  which.  |)os.ses>ing  dif- 
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ferent  degrees  of  solubility,  can  be  readily  se})arate{l  from  one  another. 

4.  This  is  next  converted  into  the  dibroniide, 

C,.H,(N02)CHBr.CHBrC00H. 

5.  And  by  careful  treatment  with  caustic  soda  this  yields  ortlio- 
nitro-phenyl-propiolic  acid,  thus  : 

C,,H,f  XO,)CHBrCHBrCX  )0H  +  2NaOH  = 

=  CGH,(X02)CVCOOH+2NaBr+2H20, 

6.  n[C«H,(X02)a.COOH+H2=CHH5NO+C02+H20]. 

Ortho-niti-o-pheiivl-proijiolic  Acid.  ludigotin. 

(Q.  E.  D.) 

The  last  of  tliese  reactions  is  in  reality  not  so  simple  as  the  equation 
indicates.  For  only  about  40  per  cent,  of  indigo  is  obtained,  whereas 
according  to  theory  68  per  cent,  should  result.  Indeed,  although,  as 
we  have  seen,  indigo  can  be  prepared  by  these  three  methods,  chemists 
are  as  yet  in  doubt  as  to  its  molecular  weight,  the  probability  being 
that  the  molecule  of  indigo  contains  twice  16  atoms  of  carbon,  or  has 
th"e  formula  4(C8HgNO)  or  C32H20N4O4.  Still  it  must  be  remembered 
that,  according  to  Sommaruga,  the  vapor-density  of  indigo  is  9*45,  a 
number  corresponding  to  the  simpler  formula  CnjHioXjO^. 

The  artificial  production  of  indigo  may  even  now  be  said  to  be 
within  reasonable  distance  of  commercial  succe.ss,  for  the  ortho-nitro- 
phenyl-propiolic  acid,  the  colorless  substance  Avhich  on  treatment 
with  a  reducing  agent  yields  indigo-blue,  is  already  in  the  hands  of 
the  Manchester  calico  printers  and  is  furnished  by  the  Baden  Company 
for  alkali  and  aniline  colors  at  the  price  of  6s.  per  lb.  for  a  paste  con- 
taining 25  per  cent,  of  the  dry  acid. 

With  regard  to  the  nature  of  the  competition  between  the  artificial 
and  the  natural  coloring  matters,  it  is  necessary  to  sa}^  a  few  words. 
In  the  first  place,  the  present  price  at  which  the  manufacturers  are 
able  to  sell  their  propiolic  acid  is  50s.  per  kilo.  But  100  parts  of  this 
can  only  yield,  according  to  theory,  68"58  parts  of  indigo-blue,  so  that 
the  price  of  the  artificial  (being  73s.  per  kilo.)  is  more  than  twice  that 
of  the  pure  natural  color.  Hence,  competition  with  the  natural  dye- 
stuff  is  not  to  be  thought  of  until  the  makers  can  reduce  the  price  of 
drv  propiolic  acid  to  20s.  per  kilo.,  and  also  obtain  a  theoretical  yield 
from  their  acid.  This  may,  or  it  may  not,  be  some  day  accomplished, 
but  at  present  it  will  not  pay  to  produce  indigo  from  nitro-phenyl- 
propiolic  acid.  Nevertheless,  a  large  field  lies  open  in  the  iinmediate 
futiu-e  for  turning  Baeyer's  discovery  to  practical  account..     It  is  well 
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known  tliat  a  ^n^it  lo.--  of  colorin;^-  matter  occur-  In  all  the  itrtK-esses 
now  in  use  for  eitlicr  dyeinj;  or  printinj^  witli  indi^^o.  It  Ikis  alreatlv 
been  stated  that  a  ltir<^c  percentaj^c  of  indii^o  is  lost  in  the  ''cold  vat-;" 
in  tiie  sediment.  Another  portion  is  washed  off  and  w;Lste<l  after  the 
numerous  dippin<rs  ;  whilst,  in  «»r<ler  to  pHwluce  a  patt(.rn,  nnich  indigo 
must  be  destroy(5d  before  it  has  entered  into  the  fibre  of  the  cloth. 
Moreover,  the  back  of  the  piece  is  uselessly  loadeil  with  color.  In 
the  |)ro<'esses  of  printint;  with  indigo  tlu,-  losses  are  :ls  great  or  even 
greater  aii<l,  in  addition,  Mich  <-onsi<lerabl(;  dilliculties  are  met  with 
that  oidy  a  few  firms  (i'otter,  (Jrafton  in  Manchester  and  Sdilieper  in 
Elberfeld)  have  been  successfid  in  this  pnx-ess.  But  a  still  njore 
important  fact  remains,  that  no  printing  pnxiess  exists  in  which  indigo 
can  be  in  combination  with  other  colors  in  the  ordinary  way,  or  with- 
out re(|uiring  some  sj)e<'ial  mode  of  fixing  after  [)rinting.  IIenc«.'  it  is 
clear  that  the  weak  points  of  natural  indigo  lie  in  the  absence  of  any 
good  pnx'css  for  utilizing  the  whole  of  its  coloring  matter  and  in  the 
impossibility,  «)r,  at  any  rate,  great  difliculty,  of  employing  it  in  the 
ordinary  madder  styles  of  «alico  [>rinting.  Such  were  the;  re:L<on.s 
M  hich  induced  the  patentees  to  believe  that,  although  the  artificial  dye 
cannot  be  made  at  a  price  to  coin[M't<'  with  natural  indigo  for  use'  in 
the  ordinary  dye-beck,  it  can  even  now  be  vi-ry  largely  used  for  styles 
to  which  till-  ordinary  dyestut!"  is  inapi»li<-able. 

To  begin  with,  IJaeyer  emj)loyed  (Patent  1177i  grape->ugar  as  a 
reducing  agent.  The  reduction  in  this  ca>e  does  not  take  place  in  the 
cold,  and  even  on  long  standing  only  small  traces  «»f  indigo  are  fV>rmed, 
but  if  heated  to  7<i  or  upwards  the  change  taki-s  place.  UnfV)rtun- 
ately  this  production  of  indigo-blue  is  rapi<lly  followed  by  its  reiluc- 
tion  to  indigo-white  and  it  is  <omewhat  dillicult  in  practice  to  stop  the 
reaction  at  the  right  moment.  Uut  "  necessity  is  the  mother  of  inven- 
tion," and  Dr.  Caro,  of  Mannheim,  to  whom  the  s|H'aker  is  greatly 
indebteil  for  much  of  the  above  intbrmatiou,  found  that  s<Klium  xan- 
thate  is  free  from  many  of  the  objections  inherent  to  the  ltIucosc 
reduction  process,  inasmuch  a>  the  reaction  then  g»»e>  on  in  the  ct>ld. 
Moreover,  he  finds  that  the  re<l  isomeri«le  of  indigo-blue,  indirubin. 
which  intssesses  a  splenditi  red  color,  also  on-urring  in  natural  indigo, 
but  whose  tinctorial  power  is  less  than  that  «>f  the  blue,  i-  pnMlucotl 
in  less  <|uantity  in  this  case  than  when  glucose  is  eiuploytHl.  (  h\  this 
cloth,  alumina  ami  inm  mordants  may  be  printeil  ami  thU  afterwanls 
dycnl  in  ali/:irin.  etc.,  or  this  coloring  matter  may  also  U'  printetl  on 
WiioLK  No.  Vol.  I'Xl  I.— iThiup  Seri^x  Vol.  Ixxxii.)  2n 
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the  cloth  and  the  color  fixed  by  moderate  steaming  n-ithout  damage  to 
the  indigo-blue.  This  process  is  now  in  actual  use  b}  printers  both  in 
England  and  on  the  Continent ;  so  that,  thanks  especially  to  the  tal- 
ent and  energy  of  Dr.  Caro,  Baeyer's  discovery  has  been  practically 
applied  within  the  short  sj^ace  of  twelve  months  of  its  conception. 
Operations  on  a  manufacturing  scale  have  been  successfully  carried 
on  in  the  Baden  Soda  and  Aniline  Works  at  Ludwiershafen  for  the 
last  two  months  and  the  directors  see  no  reason  why  they  should  not 
be  able  to  supply  any  demand,  however  great,  which  may  be  made  for 
ortho-nitro-phenyl-propiolic  acid. 

The  proper  way  of  looking  at  this  question  at  present  is,  therefore, 
to  consider  ortho-nitro-phenyl-propiolic  acid  and  indigo  as  two  dis- 
tinct products  not  comparable  with  each  other,  inasmuch  as  the  one 
can  be  put  to  uses  for  which  the  other  is  unfitted  and  thei'e  is  surely 
scope  enough  for  both.  Still,  looking  at  the  improvements  which  will 
every  day  be  made  in  the  manufacturing  details,  he  must  be  a  bold 
man  who  would  assert  the  impossibility  of  competition  with  indigo 
in  all  its  applications.  For  we  must  remember  that  we  are  only  at 
tlie  beginning  of  these  researches  in  the  indigo  fi.eld.  Baeyer  and 
other  Avorkers  will  not  stay  their  hands,  and  possibly  other  coloring 
matters  of  equal  intensity  and  of  equal  stability  to  indigo  may  be 
obtained  from  other  as  yet  unkno^vn  or  unrecognized  sources,  and  it  is 
not  improbable  that  these  may  turn  out  to  be  more  formidable  com- 
petitors in  the  race  with  natural  indigo  than  ortlio-nitro-plienvl-proj*!- 
olic  acid. 

Looking  at  this  question  of  the  possible  competition  of  artificial 
with  the  natural  indigo  from  another  point  of  view,  it  must,  on  the 
other  hand  be  borne  in  mind  that  the  present  mode  of  manufacturing 
indigo  from  the  plant  is  extremely  rude  and  imperfect,  and  that  by  an 
improved  and  more  careful  carrying  out  of  the  process  great  saving  in 
coloring  matter  may  be  effected,  so  that  it  may  prove  possible  to  pro- 
duce a  purer  article  at  a  lower  price  and  thus  to  counterbalance  the 
production  of  the  artificial  material. 

The  following  are  the  directions  issued  l)v  the  patentees  to  calico 
printers  for  using  the  new  color : 

PmxTixG  WITH  Artificial  Indigo. 
Xo.  1.  —  On  Thiprepared  Cloth. 
Standard. — Take  4  lbs.  propiolic  acid  paste  (equal  to  1  lb.  dry  acid) 
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aii'I  1  II).  l)oi-a.\,  liiicly  )io\v<lon'<l ;  mix  well.  'I'jio  mixture  lir-t 
Ix'comcs  Hiiid,  and  at  last  turns  still'.  Tlicii  a«l<l  .'l  nuiut-  w  Iiift-  -ImicIi 
tln'ckoninf^  (wheat  starcli),  mix  well  and  ^train. 

Prinliiif/  Colnr. —  Take  the  above  standard  and  di>si»lv«'  in  it  imnjc- 
diately  helure  printini;  H  ll»s.  xantliate  <tl"  soda,  stir  well,  and  readv 
ior  use. 

Vov  li^litcr  >li:id(s,  reduce  the  above  printins;  color  with  the  follow- 
ing;:  In  1  trillion  white  starch  |)astc  dissolve  1  II).  xantlrite  of" soda. 

lUrcftioiix  for  l\sr.  —  I'rint  ami  dry  as  u^ual.  'J^he  pieces  ou'jht  not 
to  he  idaeed  in  immediate  cuntMct  with  dryinj;  cylindiTs,  or  cttherwise  Ix* 
suhjected  to  he;it  al)oV(t  1()()'(,'.  The  indi<;o-l)lu('  is  best  (h'Veloped  bv 
allowin<;  the  printed  iroods  to  remain  in  a  dry  atinosphen;  and  at  an 
ordinary  temperature  lor  about  4H  hoin"s.  Damp  air  ou;;ht  to  bo 
exclu<h'd  as  much  a.s  possible  until  tln»  color  is  fully  develope<l ;  then 
the  pieces  may  be  passed  throUL^h  the  ai^eini;  machine,  or  steamed  at 
low  j)r(ssur(.'  if  such  treatment  should  be  re«piir<-<i  fur  (ixin<_''  anv  other 
<.'olor  (»r  moi'dant  printed  alouir  with  the  indigo-blue. 

After  the  blue  is  I'eady  formed  the  pieces  are  first  thoroiiirhlv 
waslie«l  in  the  washin«i;-nia<hinc,  and  l/trn  hoilol  in  the  clean  water,  or 
iHlier.  in  a  weak  solution  of  hyposulphite  of  soda  (1  lb.  to  10  t;a  lions), 
<nnl  (li  II  full  hoil  Wn' \\;\\\'  WW  iioiir,  in  order  to  volatilize  the  smell, 
which  would  otherwise;  adhere  to  the  e^oods. 

('loan  in  a  soapd)ath  at  a  temperature  not  above  40^(_'.;  wa»h.  <lrv 
and  fmi>h. 

0//.sc/Ta//o/i.s-.-  Wheat  >tan-h  i;ives  the  best  results  in  the  color,  then 
follows  <finn  tniLTacanth.  The  color  is  consideiably  reduce*!  bv  u-inir 
jj:iun  seneijal,  dark  JJritish  iiuni  or  cah-ined  farina  as  thickeninir  niate- 
"rials. 

So  far  borax  has  answered  best  as  an  alkaline  solvent  of  propi(»lic 
acid  ;  it  may,  however,  be  replaced  in  the  above  standaitl  bv  atftate  of 
-oda  (from  1  lo  1  A  lbs.)  or  by  (>  o/>.  pearlash  or  soda.  Anv  excess  of 
caustic  potash  or  soda  destrovs  propiolic  acid. 

The  above  siauilard  keeps  unehanu;«'<l  for  anv  leULTth  of  time.  It  is 
likewise  not  sensibly  altered  by  a  small  amount  of  xanthate  of  smla, 
l»ut  when  mixed  with  its  full  pro|»ortion  of  xanthate,  a<  in  the  above 
l»rintin«::  color,  it  -gradually  loses  strength  after  s<^'vei~al  hour-. 

The  xanthate  ou^ht,  theirfore,  to  be  njixtil  with  the  standard  imme- 
diately before  printiui;,  an«l  any  color  remainiiiir  umjs«'<l  mav  then  bo 
savetl  by  ndxiuLr  with  the  same  a  lar'j:e  proportion  of  <tarch  paste. 


308  Artificial  Indigo.  [Jonr.  Frank.  Inst_ 

Propiolic  acid  may  l)e  printed  along  with  aniline-black,  cateclur 
brown  and  drabs,  and  with  alumina  and  iron  mordants  for  madder 
colors. 

After  the  indigo-blne  is  fully  developed,  the  mordants  are  fixed  in 
the  ordinary  manner,  dyed  with  alizarin,  padded  with  Turkey-red  oil,, 
steamed,  and  otherwise  treated  as  usual. 

Indigo-blue,  whether  natural  or  artificial,  suffers  by  prolonged 
steaming  at  high  pressure.  For  this  reason  only  such  steam  colors 
can  be  associated  with  propiolic  acid  as  may  be  fixed  by  short  steam- 
ing at  low  pressure. 

No,  2. —  On  Prepared  Cloth  (for  Full  Shades.) 

Dissolve  2  lbs.  of  xanthate  of  soda  in  1  gallon  of  cold  water.  Pad 
the  goods  with  the  above,  dry,  print  with  standard,  and  after  printing 
follow  the  above  treatment.  The  pieces  may  also  be  first  printed  Avith. 
xanthate  and  then  covered  with  standard.  Alumina  and  iron  mor- 
dants for  madder  colors  may  be  likewise  printed  on  cloth  thus  pre- 
paredy  or  printed  with  xanthate  of  soda. 

The  potential  importance,  from  a  purely  commercial  point  of  view,, 
of  the  manufacture  may  be  judged  of  by  reference  to  the  following 
statistics,  showing  that  the  annual  value  of  the  world's  growth  of 
indigo  is  no  less  than  four  millions  sterling. 

Estimated  Yearly  Average  of  the  Production  of  Indigo  in  the  World,, 
taken  from  a  Total  Crop  for  a  Period  of  Ten  Years. 

Pounds  wejfiflit.     Pounds  .ster. 

Bengal,  Tirhoot,  Benares  and  N.  \V.  India,       8,000,000      2,000,000 
Madras  and  Kurpah,       .  .  .  2,200,000         400,000 

Manilla,  Java,  Bombay,  etc.,  .  .  500,000 

Central  America,             .                  .                  .  2,250,000       '  600,000 
China  and  elsewhere  consumed  in  the  country,     say  500,000 


4,000,000 
How  far  the  artificial  will  drive  out  the  natural  coloring  matter  from 
the  market  cannot,  as  has  been  said,  be  foreseen.  It  is  interesting,  as  the 
only  instance  of  the  kind  on  record,  to  cast  a  glance  at  the  history  of  the 
production  of  the  first  of  the  artificial  vegetable  coloring  matters — 
alizarin.  In  this  case  the  increase  in  the  quantity  produced  since  its 
discovery  in  1869  has  been  enormous;  such,  indeed,  that  the  artificial 
color  has  now  entirely  superseded  the  natural  one  to  the  almost  com- 
plete annihilation   of  the  growth  of   madder  root.     It  appears  that 
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Aviiil.st,  for  tli<-  tell  years  iiiiiuL-diatcly  preceding  l8(jlJ,  the  Jivera}j;e 
value  of  the  uimual  iinj)ort.s  of  madder  root  was  over  1,000,000  ster- 
liiij5,  tlie  imports  of  the  same  material  diiriii*;  Iiust  year  (1880;  atnoiiiited 
only  to  t24,0(>0.  The  MhoU-  ditfereDcc  l)ein<j  made  iij)  l»v  the  intro- 
(hiction  of  arlilieial  ali/ariii.  In  l-Sd.S  no  h'ss  a  (|nantity  tlian  (j(),(HM) 
tons  of  niaddei"  rout  wei-e  sent  into  the  iii:iri;<i.  thi>  e(»ntaining  GO0,<K)<> 
kilos,  (»f  |iiire  natnrai  ali/arin.  Ihit,  in  ten  years  hiter,  a  (piantitv  of 
artificial  alizarin,  more  than  e(|ual  tn  the  ahove  amount,  wjus  sent  tmt 
from  the  various  eheniieal  factories;  so  that  in  ten  years  the  artiHeial 
production  had  nvcrlaken  the  natiu'al  ji^rowth,  and  the  30(),00()  or 
1()(),<)()0  acri's  of  land,  which  had  hitherto  hecn  u-eil  for  the  <;rowtli 
nf  mad<h'r,  can  henceforward  he  hetter  employed  in  growiu}^  «-orn  or 
other  articles  of  food.  Accordinir  to  returns,  fnr  which  tlie  spejiker 
Jiad  to  thank  Mr.  I'erkin,  the  estim:ited  <;rowth  of  madder  in  the 
world  previous  to  iXdll  was  ;)(>,(M)0  tons,  of  tin-  averau'c  vahic  i>\'  I'lo 
jMi-  ton,  representing  a  t«»tal  of  i'4,n;)(),0()0. 

Last  vear  (1X80)  the  estimated  proihiction  of  the  artilieial  colorin*' 
matter  was  14,<)()()  tons,  hut  this  contains  only  10  per  cent,  of  pure 
alizarin.  Reckoning  one  ton  of  the  artiHeial  coloring  matter  as  eipial 
to  9  tons  of  madder,  the  whole  artificial  product  is  ojpiivalent  to  1  :!•!,- 
OOO  tons  of  madiK'r.  The  present  value  of  these  14,(10(1  tons  of  ali/arin 
paste,  at  tlL'L'  |)er  ton,  is  tl,')(;s,000  ;  that  of  Il'U.ooo  tons  of  ma<l- 
der,  at  tl"),  is  l' "),()7(),000,  or  a  saving  is  efle<'ted  hv  the  n-e  of  alizarin 
of  eonsiderahly  over  4,000,000  sterling.  In  other  words,  we  •'•et  our 
aliziirin  tlyeing  done  now  f<»r  lcs>  than  one-thinl  of  the  price  which  we 
had  to  pay  to  have  it  done  with  madder. 

Our  knowledge  concerning  the  chemistry  of  alizarin  has  also  pro- 
jtortionately  increased  since  the  ahove  date.  For  whilst  at  that  time 
oidy  one  distinct  hody  having  the  ahove  coniposition  was  known,  we 
are  now  acipiainti'd  willi  im  !<"><  than  nine  of  the  ten  diuw-anthra- 
<piinones  whose  existence  is  theorcticallv  j)o.<sil)le,  accordiui;  as  the 
j)osi(ions  of  the  two  semi-m>lccules  of  hvdrowl  are  changed. 


/■ 


\/ 

5 


,-  CO   - 
—  CO  — 


4 


310  Artificial  Indigo.  [jour.  Frank.  Inst.^ 

Of  the  nine  known  dioxy-anthraquinones  only  one,  viz.,  alizarin,  or 
that  in  which  the  hydroxyls  are  contained  in  the  position  1,  2,  is 
actually  used  as  a  coloring  agent.  Then  again,  three  trioxy-anthra- 
quinones,  C^H502(OH)3,  are  known.  One  of  these  is  contained  in 
madder  root,  and  has  long  been  known  as  purpurin.  The  other  trioxy- 
anthraquinones  can  be  artificially  prepared.  One,  termed  anthra- 
purjiurin,  is  an  important  coloring  matter,  especially  valuable  to 
Turkey-red  dyers  as  giving  a  full  or  fiery  red.  The  other,  called 
flavo-purpurin,  gives  an  orange  dye  with  alumina  mordants.  All  these 
various  coloring  matters  can  now  be  artificially  produced,  and  by  mix- 
ing these  in  varying  proportions  a  far  greater  variety  of  tints'  can  be 
obtained  than  was  possible  with  madder  alone,  and  thus  the  power  of 
diversifying  the  color  at  will  is  placed  in  the  hands  of  the  dyer  and 
calico  printer. 

It  is  quite  possible  that  in  an  analogous  way  a  variety  of  shades  of 
blue  may  be  ultimately  obtained  from  substituted  indigoes,  and  thus  our 
catalogue  of  coal-tar  colors  may  be  still  further  increased. 

To  Englishmen  it  is  a  somewhat  mortifying  reflection  that  whilst 
the  raw  materials  from  which  all  these  coal-tar  colors  are  made  are 
produced  in  our  country,  the  finished  and  valuable  colors  are  nearly 
all  manufactured  in  Germany.'  The  crude  and  inexpensive  material* 
are,  therefore,  exported  by  us  abroad  to  be  converted  into  color* 
having  many  hundred  times  the  value,  and  these  expensive  colors  have 
again  to  be  bought  by  English  dyers  and  calico  j^rinters  for  use  in  our 
staple  industries.  The  total  annual  value  of  manufactured  coal-tar 
colors  amounts  to  about  three  and  a  half  millions;  and  as  England 
herself,  though  furnishing  all  the  raw  material,  makes  only  a  small 
fraction  of  this  quantity,  but  uses  a  large  fraction,  it  is  clear  that  she 
loses  the  profit  on  the  manufacture.  The  causes  of  this  fact  which 
we  must  acknowledge,  viz.,  that  Germany  has  driven  England  out  of 
the  field  in  this  important  branch  of  chemical  manufacture,  are  prob- 
ably various.  In  the  first  place,  there  is  no  doubt  that  much  of  the. 
German  success  is  due  to  the  long-continued  attention  which  their 
numerous  universities  have  paid  to  the  cultivation  of  organic  chemistry^ 
as  a  pure  science,  for  this  is  carried  out  with  a  degree  of  completeness 
and  to  an  extent  to  which  we  in  England  are  as  yet  strangers.  Sec- 
ondly, much  again  is  to  be  attributed  to  the  far  more  general  recog- 
nition amongst  German  than  amongst  English  men  of  business  of  the 
value,  from  a  merely  mercantile  point  of  view,  of  high  scientific  train- 
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\u\f.  Jit  |)i"(>()f"of  this  it  iiiuv  Ijr  iiieiitioiH'd  that  ca'-li  (jf  two  «tl"  the 
largest  (jcrinaii  (-(dor  works  c'm|)hns  iio  h>s  a  mimber  than  froin  'I'y 
to  .'30  highly  ((liicatCHl  scientific  chemists,  atsalari<'s  varying  from  iL'l'jO 
to  £500  or  ,C()00  per  annum.  A  thirtl  canse,  which  doubtless  exerts  :i 
great  influence  in  this  matter,  is  the  JOnglish  law  (A'  |>atents.  'J'his, 
in  the  sj)ecial  (^»se  of  cohiring  niattcrs  at  h-ast,  oilers  no  protct-tion  to 
Knirlish  patentees  airainst  foreii^n  infrinirenicnt,  for  wlu-n  these  colors 
are  once  on  the  goods  they  cannot  he  idi'ntifie<l.  F<»i*eign  infringers 
can  thus  lower  the  j>rice  so  that  ouly  the  patentee,  if  skillful,  can  com- 
pete against  them,  and  no  ICnglish  liceneees  of  the  patent  c;in  exist. 
This  may,  to  some  extent,  account  for  the  reluctance  which  Knglish 
capitalists  feel  in  end)arking  in  the  mamifacture  of  artificial  cohtring 
matters.  That  Kngland  possesses,  both  in  the  scientific  antl  in  the 
practical  dii-ection,  ability  equal  to  the  occasion,  none  can  d<>ubt.  IJut 
be  that  as  it  may,  the  whole  honor  of  the  dis<'overy  <»f  artificial  indigo 
belongs  to  Germany  and  t«»  (he  distinguished  chemist  Professor  Adolf 
Baeyer,  whilst  towanls  the  solution  of  the  diflicult  problem  of  its 
economic  mamdacture,  the  first  successful  st<>|»s  have  been  taken  by 
Dr.  Caro  and  the  Jiaden  Aniline  and  Soda  AN'orks  of  Maiudieim. 


Influence  of   Varying  Pressure  upon  Pendulums.— M. 

ISaint-Loup  fnids,  as  a  lir.-t  result  ol  hi-  expciimeni.-  upnii  ihf  influ- 
ence of  atmospheric  pressure  upon  the  duration  of"  [>endulinn  os<-illa- 
tions,  that  there  is  an  ini-reiL-^e  of  about  -^^  of  a  se<'onil  |)er  day  for  a 
fall  of  ten  millimetres  in  the  barometer.  He  d»K'S  not  attach  nuich 
importance  to  this  figure,  regarding  it  merely  as  an  inilicatiou  of  the 
ortler  of"  magnitude  of"  the  di-turbances;  but  it  seems  to  show  the 
importance  of  a  correction  for  prissiui'  in  all  c:iIcuIation«i  of  exact 
time.  Tresca  states  that  when  the  coid'erence  w:us  hehl,  under  the 
direction  of  Le  X'crrier.  for  the  c»tnstruction  of  three  Parisian  regula- 
tors of  precision,  (»ne  of"  the  <-onstructoi-s,  M.  Iledier,  had  fittc«l  t<» 
the  penduliun  a  nu'talli*-  barometer,  with  an  arm  whii'h  was  ilisphui^l 
so  as  to  compens;ile  the  variations  of  retarding  intlueiuv  in  the  atmo- 
spheric pressure.—  C'o»Jy>^•«  Rnuhix.  C. 
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UNIVERSAL  ENERGY  OF  LIGHT. 


By  Pliny  Earle  Chase,  LL.D. 

Professor   of   Philosopliy   in   Haverford   College. 


Force  is  generally  regarded  as  a  function  of  mass  and  velocity. 
The  greatest  known  velocities  which  can  be  produced  by  central  forces 
are  wave  velocities.  The  greatest  known  wave  velocity  which  appears 
to  be  universally  diffused  is  the  velocity  of  light. 

Let  rx  =  velocity  of  light ;  r„  =  circular  orbital  velocity  at  Sun's 

surface  =  1  (/o''o^  ^'3  ^=  Earth's  mean  orbital  velocity;  r^  =  velocity 
of  Sun's  equatorial  rotation  ;  u.^  =  potential  velocity  of  water  at  0°C. 

=  1/2(7X100X1389-6  ft.;  u^  =  potential  velocity  of  water  at  its 
maximum  density ;   u^  =  potential  velocity  of  water  evaporation  ::= 

l/25^X536"37Xl389'6  ft. ;  m^,  m^,  m^,  fn^  =  masses  of  Sun,  Earth, 
Jupiter,  Saturn ;  h^  =  Earth's  semiaxis  major ;  h.^  =  height  of  mean 
oscillatory  projection  due  to  the  combining  energy  of  H2O ;  t^  =  time 
of  acquiring  circular  orbital  velocity  at  Laplace's  limit  of  synchronous 
rotation  and  revolution  =  time  of  rotation  -^  2  r:  -,  t^  =  time  of 
acquiring  "nascent"  or  dissociative  velocity  at  nucleal  surface  =  J 
time  of  rotation  =  -  /^, ;  x  =  Weber's  electro-chemical  unit ;  n  = 
electro-magnetic  unit ;  <f„  =  total  magnetic  force ;  <f^  =  terrestrial 
magnetic  force ;  t^  =  present  value  of  t^  at  Sun's  surface ;  g^  =  gra- 
vitating acceleration  at  Sun's  surface. 

The  simplicity  of  the  relations  of  the  universal  velocity  (  V\  )  to 
other  physical  velocities  is  shown  in  the  following  equations : 

1. 

■2.      —   = 


u^           h^ 

V2  =  ^"  .    ^« 

9o 

*  Abstract  of  a  paper  read  before  the  American  Association  for  the  Advancement 
of  Science,  August,  1881. 


Olt., 

1881.] 

f  iiivn-xfU  h, 

4. 

'a 

1    mjii,,  m„  /, 

'•3 

»"3                '".1  L 

5. 

Vk 

'->'  ru„  _  b/M^m„ 

t/. 

2  wij              wij 

n1 


The  velocity  of  solar  atmospheric  rotation,  at  the  secular  mean  cen- 
tre of  gravity  of  the  s(jlar  system,  is  also  efjuivalent  to  ?/.. 

The  hiw  of  conservation  of  areas,  in  an  cxpandin;^  or  contracting 
iiiK-Iciis,  r('(|iiii-cs  tliat  //„  sh(»iil<l  vary  inversely  ;i.s  /  .  Ivjuation  .3 
should,  tlicrcfoi-c,  lnil<]  ^food  f(»r  mII  sta<;cs  of  solar  existence,  j>ast, 
])resent  and  future. 

The  values  w  liieh  satisfy  the  Ml)ove  e<juatious  are:  )ii  =  .')28470  m^; 
h,  =  l>247()o()()  mih's;  »v  =  l-SoTOO  miles;  r^=  is-ilj  miles;  Wj 
=  2!>8G  ft. ;  n,  =  (Ji>lG-2  ft. 

Tiie  follo\vin<r  tahle  sliows  the  acconhmce  between  theoretical  and 

<>bserve<l  values. 

Tlu'orctiejil.  OI»sfrve«l. 

IJoiliu;:  poiiu  of  water.  99-18°  KK)'^ 

Comhiniu-r  heat  of  ![,()..     .       tlit.U!)  »)7«)H]  to  (j9584* 

<f..,        .  ]4i)'()')  140  ll>.  jH-r  s(i.  in. 


Maxiuuiin  deiisitv  of  water,  4-19-'         IV'.V.V^  to  4-80 


".  o 


'3> 


18-:31  18-41 


T.atent  heat  ot'  Meain.  ruMj-lMA''  .");U)-;i8o°t 

X  -^  tt,  l()7-."}8  ln(j-»j7 

The  velocity  »»f  liiriit  is  also  a  factor  of  elc<'tromotive  enerirv'. 
AN'eher  and  Kohlrauseh  demonstrated  this  laet  hy  me;Lsurin<;  quantitv 
of  electricity  ;  Thomson  and  Maxwell  hy  measurini;  electromotive 
force;  Avrttm  and  IVrrv  hv  measurinij  electrostatic  cai>acitv. 

•  •  •  ^  I  . 

Perliaps  the  most  interesting  of  tlie  above  indications  is  tiie  past, 
])resent  and  future  equivalence  of  Sun's  ''  nju^cent  "  v«'I«H'itv  to  the 
vehx'ity  of  Iij;ht,  the  sum  of  the  cyclicjd  reactions  of  solar  su|>crticial 
gravitation  against  the  jictions  of  external  gravitation,  during  each 
Jialf-rotation,  being  tufiiivd/cnt  to  ihe  nlociti/  of  I'ujhL 

*TIk'  im-aii  of  six  estiinales,  iitt'<l  l>y  NiMiinatiii,  is  »>SSS(J. 

+  This    is    the    iiu-an    of  lour   «.>tiiii:Ui'S,    viz.:     Kiivre    ami     .Sill>vrniann,   o.JVTT; 
Aiulriws,  .J3o  1)0;   lU'^nalllt,  o3«»07  ;  Tvndall,  o.i7-20. 


314  Compensation  of  Geodetic  Triangles,  [jour.  Frank.  Inst., 

Algerian  Wine.— The  portions  of  Algeria  which  are  near  the  sliores 
of  the  Mediterranean  are  very  favorable  to  the  growth  of  grapes. 
The  colonists  are  rapidly  removing  the  dwarf  palm  trees  and  the 
underbrush,  in  order  to  plant  vineyards.  The  change  is  going  on 
with  wonderful  rapidity.  The  vines  bear  fruit  after  three  years,  and 
they  are  at  jiresent  subject  to  no  injury  except  from  the  sirocco  and 
white  frost  in  some  localities.  The  income  after  five  or  six  years 
reaches  a  mean  value  of  4000  francs  per  hectare  (324  dollars  per  acre). 
— Les  Mondes.  C. 

Disturbances  of  Telephonic  Transmission. — ^I.  A.  Gaiffe 
has  noticed  electrical  currents  in  bars  of  iron  which  are  set  in  vibra- 
tion by  shocks.  He  attributes  them  to  induction.  According  to 
Ampere's  theory  he  thinks  that  a  vibrating  magnet  should  produce 
currents  analogous  to  the  extra  currents  which  would  arise  in  a  vibra- 
ting solenoid. — Les  llondes. 

[Mousson  studied  the  influence  of  vibrations  on  the  conductibility 
of  wires  in  1858.  In  1864  Chase  showed  that  the  daily  and  annual 
variations  of  the  magnetic  needle  may  be  imitated  by  exposing  them 
to  mechanical  vibrations  similar  to  those  which  are  produced  by  ther- 
mal conditions.  "  C] 

Compensation  of  Geodetic  Triangles.— E.  Adan  discusses  the 
triangulation  of  Belgium,  in  which  the  network  is  so  united  as  to  fur- 
nish satisfactory  bases  for  calculations  relative  to  the  dimensions  of  the 
globe.  Two  bases  were  measured  nearly  on  the  same  parallel,  one  at 
Lommel,  the  other  near  Ostende.  They  were  united  by  thirty-nine 
triangles  having  the  Antwerp  coast  near  the  middle.  Sixteen  triangles 
separate  this  coast  from  the  Lommel  base  and  twenty-three  from  that 
of  Ostende.  The  probable  error  of  the  combined  measurements  was 
less  than  ^^Vo-  This  approximation  would  seem  sufficiently  close, 
but  by  means  of  intermediate  compensations  the  probable  error  was 
reduced  to  less  than  27^00  °^  ^"®  P^*"  cent.  It  is  rare  that  in  calcula- 
tions of  so  complicated  a  character  a  comparison  can  be  readily  made 
between  two  coordinate  methods,  and  the  result  in  this  case  is  such 
as  to  recommend  the  system  of  compensations  which  was  undertaken. 
—Hull,  dc  I' Acad.  Belg.  '         C. 
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Felling  Trees  with  Dynamite.— M.  Tinsot,  tho  vwi-cster  ol'  the 

\\i}\>  (Ic  liouloiiiiL',  liM.s  L'X|»erimeMt('(l  with  (lyiuiinitc  ii|)OM  .-Kivcral  treta 
wlii(.']i  it  was  llioiit^lit  (l('siral)k'  to  remove,  lie  OikIs  that  <lynaiiiitc 
call  he  used  very  tulvaiitajieoii.sly,  Ixitli  in  pojut  «»f  eeoiioiuy  aiul 
lajtidity  of  e.xeeiitioii,  tor  iiprootiii*;  and  dividin<r  .-tinups  of  trees,  but 
it  i.s  not  aj)i)lieahle  to  lellin<:'  trees  which  are  to  he  used  a-  tind>er. — 
IjCh  Moudcx.  I  . 

Improvement  in  Compasses.  —  Miller  and   rfaundier  liave 

devised  a  nicthud  for  reailing  the  indicati<»ns  of  tlie  coni{ta.<s  with  great 
accuracy.  Tlie  inajruetic  needle  carries  near  its  ends  two  thin  discs  of 
aluniinuni;  upon  eacli  of  tlie  di.-es  a  fine  line  is  drawn  so  as  U)  indi- 
cate the  plane  in  which  the  pivot  of  tiie  needle  stands.  A  micntscopo 
and  vernier  are  attached,  t«ij;ethcr  with  a  sinall  disc  of  paper  or  mica, 
which  stands  j)crpeiidicularly  upon  the  needle  .so  as  to  hriii}^  it  more 
speedily  to  rest  l»y  iiicaii<  of  the  resistance  (»f  the  air. — /^//lyA/'V 
Jonrnal.  C 

Absolute  Measiu'e  of  Currents  by  Electrolysis.  —  After 

ha\iiiLi'  iiitriidiwi'd  a  >vs|cim  of  al>~nluic  measures  i'or  flccii-ic  magni- 
tudes, W'eher  dc(criiiiin<l  the  electro-chemical  cfpiivaleiit  of  water,  or 
the  weiji;lit  of  water  (lcc<imposed  in  a  second  hy  a  unit  of  eIe<'tro- 
magiietic  intensity.  His  valuation  of  the  etpiivaleiit  was 'OUl'^TU  of 
a  miHiij;ramme.  The  c.\perimeiit  has  heeii  repeated  l»y  various  obser- 
vers, but  the  results  present  variations  ol'  about  '1  per  cent.  Ma.<cart 
has  repeated  tlu'  investi<xation  with  numerous  new  jirecautions  to  eli- 
minate po.ssible  I'auses  ot'  error,  and  he  finds  the  e<|uivalent  'OUOoT'l 
of  a  milliii;rammc. —  C'ouiptfs  Ju'n(}us.  C 

Influence  of  Sun  Spots  upon  Temperature,  d.  Li/.nar  has^ 
compared  the  observations  at  St.  I'etoi*sl)urg,  C'aterinenburg,  liarnaul, 
I'ranue,  Uiiinn,  Vienna,  Kremsiniinster,  Trieste,  Koine,  Calcutta, 
liatavia  and  llobarttown,  and  finds  marked  evidence  of  a  relation 
l)etween  the  oscillati<»iis  of  daily  temperature  and  ot"  >un  spots.  The 
minima  ot"  daily  t>scillation  correspond  very  clo.«iely  with  the  maxima 
of  sun  spots;  the  ma.ximum  ot"  oscillation  prcceilis  the  minimum  of 
sun  spots  by  about  two  veal's.  In  the  aniuial  tcnipeniture  the  maxi- 
mum ot"  spots  ct)rresponds  to  the  maximum  ot*  os<'illati(»n  and  the 
miuimiim  of  sjiots  to  (he  minimum  ot"  o>cilIation. — Lvis  J/o/k/o*.       <' 
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Upper  Atmospheric  Currents.— Count  D'Epiennes  has  con- 
ducted meteorological  researclies  which  were  ba.sed  only  upon  olxserva- 
tion,  without  bias  by  any  theoretical  ideas,  and  which  lead  him  to  the 
following  conclu.sions :  1.  The  air  rises  from  zones  of  low  pres.sure 
towards  the  upper  regions  and  then  flows  towards  the  centres  of  high 
pressure.  2.  As  the  current  ])roceeds  in  the  upper  regions  it  tends  to 
form  a  depression.  The  culmination  and  deviations  which  tempests 
undergo  in  their  march  are  governed  by  upper  currents  directed  towards 
their  centre. — del  et  Tcrre.  C. 

New  Heating  Apparatus. — The  great  calorific  capacity  of  water 
has  hitherto  rendered  it  the  most  usual  reservoir  of  utilized  heat. 
There  are,  however,  some  fusible  bodies  Avhich  allow  the  storing  of  a 
much  greater  quantity  of  heat  in  the  same  volume  without  increasing 
the  temperature  of  the  vessels  which  contain  them.  Acetate  of  soda, 
for  example,  when  melted,  contains  about  four  times  as  much  available 
heat  as  water.  M.  A.  Ancelin  has  accordingly  experimented  with  it 
in  suitable  boxes  for  warming  cars  and  carriages.  His  experiments 
upon  the  French  railroads  have  been  so  .satisfactory  that  his  system 
«eems  likely  to  be  adopted  by  many  of  the  roads  in  Portugal,  Italy, 
^pain  and  England. — Comptes  Rendus.  C. 


Franklin    Institute. 


Hall  of  the  Institute,  Sept.  2Lst,  1881. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  38  members  and  3  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  Tatham  then  said :  "  Before  proceeding  to  any  business,  T  feel 
it  proper  to  bring  before  the  meeting  the  mournful  circumstances 
luider  which  we  are  assembled.  The  President  of  the  United  States 
lias  just  died  after  a  long  struggle  against  the  death  wound  received 
some  months  ago.  I  feel  there  is  not  a  citizen  who  participated  in  the 
■election  which  made  General  Garfield  President  who  does  not  feel  his 
loss  as  a  personal  sorrow.  I  feel  sure  we  all  regard  it  as  a  public 
calamity.     The  opening  months  of  his  administration  were  so  full  of 
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i'niit  that  \vc  all  iiidiilgcd  in  the;  aiitiripatioii  of  a  l>ri<;ht  t'utiitv,  atxl 
wliatevor  may  Iw  the  course  of*  events  herejifter,  tlie  picture  of  hi?- 
Idifi^lit  adiniiiistratitdi  will  Ik;  without  a  shadow.  He  has  it;t"t  us  a 
^reat  example.  To  the  yoiuiir,  an  exanijtie  of  what  may  Ijc*  ac<-om- 
jtlished  l>y  dili<i;ence,  study  an<l  a  well-directed  amltitioii;  to  men,  an 
e\aMi|tli' of  the  power  of  justic«',  nuxleration  and  <-and<>r;  and  to  all 
an  exani|)l<'  of  cool  couni^e  in  th(,'  fa<'e  of  death,  ami  of  jtatient  resi;_'- 
nation  to  tin;  will  of  th*;  Almighty." 

Mr.  Sanniel    Sartain    njovetl    that,   in    vit-w   of    oni"   threat    national 
hereavenient,  the  In-titntf  now  adjourn,  which  wjls  cjirrie<l. 

IsAA<    NoitiMS,  M.D.,  Svcnidii/. 


LiM   oi    ]I<M»K>    \i)i>i;i>  T»t  Till:  LiKHAKV  i»rjjiN<;  Jn.v,  Ar«;r>r 
ANM  Si:i-n:Mi!KK,  ISSI. 

Agri«-ultuial  S<M'iety,  New  York  State.    Ti"ans;i<'tions.     \'o]-..  I-IJ. 
New  York,  1841 — 1876.  Pres<'nte«l  hy  the  Sn-iety. 

Ai:ri<nl(nic,  Maine   IJoard   of.      'rweiity-fnurth    Annual    Ke|>ort  of 
Se<rctary.      Aui;u>ta,  l8S().  I*resenti'«l  l»v  the  l>oard. 

Agriculture,  \ew  Jci-^ry  State    lioard   of.      Kighth  Annual  Keport. 
rrenton,  iSSl.  Proeiited  l>y  the  Hoard. 

.\gricullure,    State    Hoard   nf    Kan>as.       S«v»»nd    iJiennial    Report. 
Topeka,  1881.  Prci^'ntwl  liy  the  Hoard. 

Americsui   Iron  and  .Sttvl  .Vsso^-iation.      Annual  Ke|)nit  <•!'  the  S*c- 
retary.      I'hiladel|»hia,  18S1.  Pre.«^'nte<l  by  the  Ass<x-iation. 

.\nnual    Reports   of    th»'    i*liila<lel|>hia    Hoard  of  Health   for  ISJio^ 
ISCT.  ISdS,  1S71,  187;].      IMiiladelphia.       Rresentnl  l.y  the  Hoard. 

A-trononiic-.d   and    .Meteorological    C>bsorvati(»ns   tor    ls7<».       In    '2 
pan-.      Washington,  1880.       Rreseiittxl  by  T.S.  Naval  ()b>ervat«»rv. 

hrevets  d'lnvention.      \'ol.  21,  in  2  j»arts.      Paris.  l8Sl. 

l*resente<l  by  the  Mini>tre  of  Agricultun-  and  Coinmerve, 
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Clark,  D.  K.     Civil  Engineering.     London,  1881. 

Dnssance,  H.  Tanning,  Currying  and  Leather  Dressing.  Pliila- 
•delphia,  1865. 
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Fletcher,  L.  E.     Lancashire  Boiler.     London. 

Geological  Exploration  of  the  Fortieth  Parallel.  Vol.  7.  Wash- 
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Hereshoff  System  of  Motive  Machinery  as  applied  to  the  Yacht 
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Himes,  C.  F.  Sketch  of  Dickinson  College  at  Carlisle,  Pa.  Har- 
risburg,  1879. 
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Seccion  2d.     1880.  Presented  by  the  Observatory. 

Internal  Kevenue — Report  of  Commissioner  for  1 880.    Washington. 

Presented  by  the  Commissioner. 

Journal  of  the  Telegraph.     Vol.  10.     Xew  York,  1877. 

Presented  by  Isaac  Xorris,  M.D. 
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l*r«s<'nted  l»y  the  SiH-icty. 

Metropolitan  jMuseuni  of  Art.    Tenth  an<l  l^lcventh  Annual  Ju'i)ort 
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MusecTeyler.     Archives.     Ser.  2,  Parti.      Haarlem,  1881. 

Presented  hy  the  Muxum. 
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l'resente<J  by  the  Secretary. 
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Parts.     Paris,  1881. 

Presented  by  the  Ministre  of  Agriculture  and  Commerce. 

Patent    Oflice,    Unitc<l    States.       Specific.itioiH    ami     D'Mwings    of 
Patents.     ()ctoi)er,  ISSO.      \\'a>hiugtt»n.        Prcscut«tl  by  the  Oilice. 

Pennsylvania  State  College.     C 'atalogue,  1 880-8 ] . 

Presented  bv  the  Colle2:e. 

Pi  Eta  Scientitie  S.xitiy.      raptr>  read.      No.  2,  \'ol.  2.      Troy. 

Presented  by  the  SK-iety. 

PanUiiie.  W.  .1.  M.     Scientitic  Papers.      London,  18S1. 

lloyal  Cornwall  Polytechnic  SmMCty.    F<>rty-eighth  Annual  Kci)ort. 
Falmouth,  1880.  Prescnte<l  by  the  SiX'iety. 

Shi[)building  in  Iron  and  W 1.      Kides  and  Kegidation«;  for. 
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Stars.     Catalogue  of  1098  Standard  Clock    and    Zodiacal.     Wash- 
ington. Presented  by  the  U.  S.  Naval  Observatory. 

Steam  Vessels.    Proceedings  of  29th  Annual  Meetings  of  Board  of 
Supervising  In.spectors  of.      Washington,  1881. 

Presented  by  the  Board. 

Surgeon-General's  Office,  U.   S.  A.      Index     Catalogue     of     the 
Library.     Vol.  2,  B— C.     Washington,  1881. 

Presented  by  the  Surgeon-General, 

Thayer,  R.     Public  Parks  and  Gardens  in  Europe.     Philadelphia. 
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Errata  to  article  on  "  Properties  of  Air  relating  to  Ventilation 
and  Heating,"  Vol.  CXII,  August,  1881.  Correct  one  column  of 
Table,  jiage  145,  to  read  as  follows:' 

Hatos  oi'  exlialatioa.-i 
to  inlialations. 

Vols. 

Nitrogen,       ....  1-0381 

Oxygen,                   .                  .                  .  0'8321 

A(i[ueous  vapor,              .                  .                  .  2*9787 

Carbonic  acid,         .                 .                  .  102*73 


Total,  .  .  .       l-()703 

Also  remove  the  words  per  (-ent.  from  three  places  where  they  occur 
in  the  Table. 

Again,   on   page   143,    place    1    as   the   numerator  of    the   fraction. 
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AN   IMPROVKI)  DYNAMOMETER. 


\W  W'li.i.i.wi    r.   Tatiiam. 


The  mtvliaiiical  world  has  l«>ii^  (U'sired  a  corn^'t  and  roiivciiient 
dynamometer,  capable  of  j^eiienil  aj»j)lic:ition.  All  of"  tiic  instruments 
heretofore  presented  fail  in  some  of  the  desired  (qualities.  The  l*r(»ney 
Krake,  wliieh  is  tiie  most  eorru't,  alxsorUs  the  jK>\v<'r,  and  does  not 
transmit  it.  Dynamometers  of  the  Morin  tyj)e,  which  are  next  in 
accuracy,  are  of  limitid  application  to  small  powers,  and  of  the  matiy 
others,  it  would  l»c  liai'd  to  liiid  one  in  whidf  the  friction  ot  the  instru- 
ment in  not  largely  represent  I'd  in  its  indications. 

To  the  old  rc((uircmcnts  for  a  {jjtnxl  dynamometer  wc  have  n<tw 
superadded  the  demand  growing  out  of  tiie  generation  of  electricity 
i'rom  mechanical  power,  and  aci-iu-acy  is  here,  :i.s  ever,  the  nuxst  t«)  In? 
ilesired.  Under  these  eirciunstanccs,  which  suttieiently  atttst  the  ditli- 
culties  of  the  aise,  I  venture  to  descrilK'  an  instnunent  invoIvin<r  the 
appneation  of  a  new  priiuiple,  in  the  hop*'  that  it  may  .-^itisfy  a  pivss- 
ing  want. 

Referring  to  I'ig.  1,  the  arrows  show  the  movement  of  the  l)elts ; 
the  frame  of  the  machine  is  omitted,  the  more  clearly  to  exhibit  the 
working  parts.  Let  A  rei>rcscnt  the  first  motion  pidley  of  the  ilyna- 
mometer,  upon  a  shaft  receiving  power  from  any  source  outside ;  15  IV 
Whole  No.  Vol.  CXII.— (Third  Series,  Vol.  Ixxiii.)  21 
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two  semicircular  vibrating  frames,  having  freedom  to  move  around 
their  central  knife  edges,  C,  C,  which  play  in  valleys  formed  by  the 
intersection  of  two  small  planes.  These  frames  are  linked  together 
by  two  links  at  D  and  D',  also  on  knife  edges.  The  frame  B  carries 
two  pulleys,  E  and  F.  The  pulley  E  is  adjusted  and  centred  upon 
the  frame  so  that  the  central  knife  edge  C  coincides  with  the  point  of 
tangency  of  the  belt  (a)  with  the  pulley  E,  the  tangent  point  being 
taken  at  the  middle  of  the  thickness  of  the  belt.  By  this  arrange- 
ment the  force  of  the  belt  passes  directly  through  the  fulcrum  of  the 
frame  B,  and  therefore  exerts  no  influence  to  vibrate  it. 


Fig.  1. 

The  pulley  F  is  adjustable  around  the  circumference  of  the  frame 
B,  and  is  placed  in  such  a  position  that  the  belt  (b);  passing  from  the 
machine  on  trial,  makes  at  its  point  of  tangency  with  the  pulley  F  a 
right  angle  with  a  straight  line  joining  the  tangent  point  to  the  cen- 
tral knife  edge  C.  The  frame  B  has  an  arm  attached  to  it,  to  carry 
the  knife  edge  H,  to  which  the  link  of  the  scale  beam  is  attached. 
The  distance  of  this  knife  edge  H  from  knife  edge  C  is  equal  to  the 
distance  of  the  latter  from  the  point  of  tangency  of  pulley  F  and 
belt  (b),  taken  as  before  at  the  middle  of  the  thickness  of  the  belt. 

The  result  of  this  disposition  is  that  the  only  influence  to  cause  a 
vibration  of  the  frame  B  is  the  reaction  of  the  belt  (b),  which  is  exactly 
equal  to  the  action  of  the  same  l)elt  upon  the  machine  on  trial.     Tn 
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the  same  miinnor  the  action  of  the  .shick  belt  (h')  uj)Oii  the  fnuiio  W  is 
■exaffly  ef|UJiI  to  it.s  reaction  ii]>on  tlie  macliine  on  trial.  The  frames 
J»  ami  ]>'  hcing  connected  tojrether  hy  the  links  an<l  knife  edges,  the 
4litlerence  of  the  tensions  on  (hj  and  (I)')  is  exerted  to  vil)nit<.'  the  tw<» 
frames,  and  this  difference  alone  is  felt  hy  the  scjile  heam,  all  friction 
being  eliminated  except  the  friction  of  the  knife  edges.  The  rudelv 
<?onstriieteil  working  model  which  hits  been  tried  indicates  with  snr- 
pri-sing  accuracy  when  tested  by  a  brake.  To  prove  the  elimina- 
tion of  the  friction,  the  wheels  E'  and  F'  where  ciMK'ked  without 
change  of  indicated  j)ower. 

I  see  no  rea.son  to  doubt  that  this  machine,  when  i»roj)erlv  c<m- 
<lucted  and  adjusted,  would  indicate  correctly  the  power  absorlM.'(l  b\ 
the  train  of  a  watch,  <»r  ^riven  <»ut  by  a  water  wIk-cI  ;  but  it  is  still 
lacking  in  one  very  essential  (juality  of  a  good  machine — //  irou/t! 
not  21'ork  well  when  out  of  order. 

When  the  journals  of  the  wheels  on  the  vibrating  frames  become 
worn  by  long  u.se  the.se  wheels  will  Ik?  displaced,  and  their  j)oints  of 
tangency  with  the  belts  will  Ix;  dis|»Iaced  also,  and  the  acciiracv  of  the 
indications  will  be  im|)aire<l. 

in  ordei-  to  meet  this  re<juirement  I  have  emlxKlitd  mv  ideas  in  a 
<lil]erent  form,  rcjireseiitcd  in  Fig.  2.  The  arrows,  ;us  before,  show 
the  direction  of  the  belts.  A  is  the  first  motion  pullev  and  shaft: 
a  ami  a'  the  tight  ami  slack  belts  t<t  the  j)ulleys  carrieil  on  the  vibrat- 
ing frame  W.  'I'he.se  belts  «lo  not  pa.ss  through  the  point  of  tangeiicv. 
but  their  direction  doen.  The  vibrating  frame  li  is  balanci-il  uj)on  the 
knife  edges  C,  and  is  provided  with  knife  i-ilges  11,  which  engage  the 
links  of  tlie  scale  beam. 

The  distance  from  (.'to  II  is  ecpial  to  the  etiective  «liamet<'r  of  the  jtul- 
leys  E,  E'  upon  the  vibrating  frame;  b  and  1/  are  the  tight  and 
slack  belts  from  these  pulleys  to  the  pullev  M,  which  now  takes  the 
place  of  the  machine  on  trial  in  the  di'scrii)tion  of  the  machine 
represented  in  Fig.  1.  It  is  important  that  the  belts  b  b'  should 
not  make  a  less  angle  with  the  vertic:d  line  than  the  belts  a  a'. 

The  index  will  show  the  f(»rce  e.xerted  on  the  pulliy  M,  wh(»sc  fric- 
tion will  be  includcil.  The  friction  of  the  pulley  and  shaft  M  c-au  l»e 
estimateil  accunitely  by  providing  simple  mean>  for  wi'i«;hinir  the  cum- 
bined  tensions  of  the  belt>  b  and  b'  upmi  the  pullev  M.  and  then, 
with  the  indications  furnished  by  the  tlynamomcter  when  running  light 
and  loade<l,  the  friction  whi'U  loaiKtl  can  be  calculate*!. 
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The  speed  of  the  belt  may  be  measured  by  the  counter,  and  the 
whole  indication  of  power  may  be  ascertained  by  combining  a  multi- 
plied movement  of  the  vibrating  frame  with  a  regular  movement  of  a 
paper  band  fed  from  one  of  the  shafts. 


Fig.  2. 

A  critical  examination  of  the  last-described  machine  will  show  that 
no  probable  w-ear  and  no  probable  change  of  the  thickness  of  the  belt 
can  interfere  materially  with  the  accuracy  of  its  indications. 

The  vibration  of  the  frames  need  be  very  small.  In  the  working 
model  (if  it  were  strong  enough  to  bear  it)  320  lbs.  would  be  indi- 
cated by  the  spring  balance  on  the  scale  beam,  and  would  correspond 
to  a  movement  of  "0375  inch  of  the  knife  edge  H. 

In  estimating  the  middle  of  the  thickness  of  the  belts  as  the  points 
from  which  to  measure  the  eifective  diameters  of  the  pulleys  governing 


Nov.,  1881.]  Analyzing  Rail-Steel.  325 

the  feed  of  belt  and  transmission  of  force  I  have  f<jliowe<l  the  books 
whicli  have  been  confirmed  Ijy  my  preliminary  c'Xj)erinK'nts.  In  con- 
structing an  exact  machine  tiiis  point  should  be  (•Jircfully  examined. 

A  third  form  oi'  the  (lyniim(»meter,  combining  the  a<rura<-y  of 
No.  1  with  the  wearin*;  properties  of  No.  2,  may  Imi  construote<l  by 
<livi(linw;  the  vibratiiij;  frame  J5  of  No.  2  into  two  frames,  connected 
toi^ether  by  links,  each  fnime  iiavinj^  its  own  fulcrum  C  in  the  line  of 
the  middle  of  the  thickness  of  the  lx;lts  a  a',  all  the  IxdLs  to  Ik- 
niiide  vci'tica!  and  ])ull  at  ri<rht  anj^les  to  the  levers. 


ciiEMrr'AL  ^nrriioDS  for  AXAT.YZTxr,  rait.-stkkl. 


By  Magnus  Troiijis,  Chemist  to  C.  P.  Sandljerg,  London,  Eng. 

Kciul  before  tlia  Aineririm  Institiiti'  of  Mining  Engineers,  Octol>er,  IKSl. 


Introduction. — By  V.  P.  Sandberc. 

Since  the  dis^'ussion  on  steel  rails  in  America  hiis  forcii)ly  drawn 
attention  to  the  value  of  chemical  analysis,  if  not  as  a  necessary  stipu- 
lation, at  least  as  a  guide  to  control  the  u>na]  niechanic-.d  tests,  s<jme 
<lonbt  has  been  thrown  upon  the  accunicy  of  the  analytic:d  re>ult> 
obtained  by  ditlerent  chemists. 

To  any  one  having  tiie  least  acipiaintance  with  chemistry  it  i>  (piite 
clear  that  if  exactly  similar  results  arc  to  Ik>  obtaine<l  from  the  siune 
l)orings  of  steel,  exactly  the  same  metlunls  must  be  useil  l)v  the  differ- 
ent analysts.  Hence  the  neces<ity  (if  cctmplications  are  to  Ik*  avoideil) 
of  establishing  what  1  niav  call  stautlard  or  normal  ineth<Mls,  to  In- 
used  both  by  the  in>peitors  and  by  the  chemists  at  the  works,  iiemem- 
l>ering  that  the  application  of  chemistry  to  steel  rail  insiJCi-tittn  is  yet 
in  its  infancy,  it  is  (»!'  great  importance  t<»  j)ossess  a  j>crfect  ac«piaint- 
ance  with  the  best  metlnKls  in  use. 

Being  ujyself  a  grateful  pupil  of  Professor  Eggert/,  of  the  .S-hool 
of  .Mines  in  8we«len,  it  <xrurrc<l  to  me,  two  years  ago,  that  I  could 
not  do  l>ottcr  than  start  a  labor.itory  of  my  own,  and  engago<l  one  of 
his  pupils,  Mr.  Troilius,  for  the  pur|Mxs(.>  of  analyzing  the  steel  borings 
fr<»m  mechanically-tcstetl  rails,  so  that  I  might  thus  obtain,  without 
<lelay,  thoroughly  accurate  determinations. 

Moreover,  in  order  to  c-arry  on  the  ojiei-ations  in  jH'rttvt  aivordanix" 
with  the  methods  usetl  at  the  stivl-works  in  England  ami  (Jernumy, 
where  I  had  to  control  the  manufacture,  1  dwmetl  it  desirable  to  allow 
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Mr.  Troilius  to  go  through  a  course  of  training  at  these  works;  and  I 
gladly  seize  this  opportunity  of  expressing  my  grateful  acknowledg- 
ments to  several  works  in  England  and  in  Germany  for  affording 
every  facility  for  such  an  exchange  of  information  as  was  found  neces- 
sary to  arrive  at  the  best  analytical  methods  to  be  used. 

The  value  of  this  preliminary  training  lias  already  become  evident,, 
for,  after  working  a  year  in  my  own  laboratory,  we  find  that  the 
results  hardly  ever  differ  from  those  obtained  at  the  works ;  or,  at  any 
rate,  they  rarely  differ  from  the  results  of  those  professional  chemists 
who  check  the  same  borings  in  case  of  any  discrepancy. 

Inasmuch  as  this  work  is  jirincipally  executed  for  America,  it 
naturally  follows  that  if  it  is  checked  by  American  chemists  it  will  be 
of  interest,  both  for  them  and  for  the  chemists  on  this  side  of  the 
Atlantic,  to  know  the  methods  of  analysis  followed  in  the  two  coun- 
tries. With  this  view,  I  beg  to  introduce  the  following  paper,  which 
has  been  very  carefully  worked  out  by  Mr.  M.  Troilius,  and  there- 
fore deserves  the  attention  of  the  members  of  the  Institute. 

I  can  only  say  of  this  paper,  as  I  have  said  in  my  own,  "On  the 
Specification  and  Inspection  of  Steel  Rails  in  Europe,"  that  it  fully 
explains  the  methods,  which  I  have  hitherto  adopted,  with  excellent 
results.  But  if  any  better  methods  can  be  suggested  by  American 
chemists,  I  shall  only  be  too  glad  to  modify  my  present  mode  of 
working. 

It  only  remains  for  me  to  add  that  Mr.  Troilius  will  have  great 
pleasure  in  answering  any  remarks  or  questions  that  may  be  addressed 
to  him  with  reference  to  the  following  methods  for  the  application  of 
chemistry  to  steel  rail  inspection. 

19  Great  George  Street,  Westminster,  London,  August,  1881. 

Chemical  Methods  foe  Analyzing  Rail  Steel. 

Useful  Applianees. — One  of  the  most  useful  and  necessary  ajipli- 
ances  in  a  steel  laboratory  is  the  hot-plate.  An  iron  plate, 
12"  X  18"  X  f"  thick,  heated  from  below  by  a  good  Bunsen  burner,^ 
will  answer  very  well;  or,  if  more  convenient,  the  plate  may  be  com- 
bined with  a  coke  fire  and  a  mufHe-furnace,  the  coke  fire  thus  heating 
both  the  plate  and  the  muffie-fiu-nace.  In  any  case,  the  plate  should 
be  heated  in  such  a  manner  as  to  have  a  boiling  temperature  at  only 
one  part,  from  which  part  the  heat  should  gradually  decrease  towards 
the  edges.     Thus  arranged,  the  plate  forms  a  very  satisfactory  sub- 
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stitutc  lor  u:U<T-l)allis,  ilryiiin-hoXL's^  ot<'.,  as  will  he  >cfii  in  the  I'ul- 
lowiiit;-  descriptinii  ol'  ilic  hk-iIkkIs.  There  is  no  risk  of  dcstrovinj^ 
bcjikcrs,  etc.,  after  >iilli(ient  e.\j)eii»ne<'  in  workint^;  the  plate  hat*  lM_'en 
ae<inire(l. 

A  plate  of  tliis  kind  has  Ixcn  in  n>e  in  tin'  Li«iidoii  School  of  Mines 
for  about  fifteen  years,  l)nt,asfar  as  1  am  informed,  it  was  .Mr.  Snelus 
who  lirst  em[)loyed  a  plate  in  ihis  way  at  Dowlais,  and  it  has  sim-e 
become  univei*sally  nsed  in  English  ami  Welsh  labonitorii*.  1  shonld 
also  mention  that  it  Ikls  been  siicce.s.sfully  introdnce<l  in  tlie  Stockholm 
School  of  Mines,  in  accordance  with  my  snj^jijestion  la.st  ve;ir  in  the 
Jcrnhontorcix  Aimalcr.  In  (iernuin  steel  laboratories  the  water-bath 
and  other  more  "scientific"  appliances  are  more  generallv  in  mx-  than 
in  JMigland  and  Wales;  in  fact,  1  have  not  so  far  seen  the  jdate  n-ed 
in  any  of  the  (Jerman  steel  works  which  I  have  visited.  It  is  nece»- 
.sary  to  have  the  plate  placed  nnder  a  go<xl  drangiit,  so  a.s  to  remove 
all  the  noxions  fumes  which  are  evoKcd  dnring  the  oj)enitions  con- 
dncted  on  the  plate. 

As  regards  other  nsefnl  appliances  belonging  to  a  well-titletl  steel 
laboratory,  they  are  ail  more  or  le.ss  common  or  are  onlv  (M-cjisionallv 
used,  and  do  not  deserve  as  nuich  attention  ;ls  the  above-nameil  plate. 
I'Miited  Innnels,  however,  are  worthy  of  being  mentionetl  a>  lieing 
>oni(  what  ijuicker  to  work  with  than  ordinarv  plain  ones.  I  have 
not  found  them  in  nse  on  the  c»»ntinent  as  frecpiently  :ts  in  the  Uniteil 
Kingdom,  bnt  they  are  now  beginning  to  be  s(»mewhat  more  apiinri- 
atetl,  even  in  the  continental  conntries. 

Carbon  Determination. — Eggertz's  color-test  is  a  verv  accnrate 
method  for  determining  carbon  in  rail-steel,  provided  thi'  oj>ei-ator  hits 
snllicient  ex|)erience  and  takes  all  the  necessjiry  prei-jintions.  At  the 
same  time,  this  mtthotl  has  the  great  advantage  of  l)eing  verv  rapid. 
It  is  now  nearly  twenty  years  sincv  this  metlunl  was  descrilKMl  in 
Sweden  and  (Jermany  by  Professor  Eggertz,  and  very  shortiv  after- 
waixls  Mr.  C.  P.  Sandberg  publishetl  an  English  ti-anslation  of  the 
method  in  the  Chemical  \rirs.  In  (Jreat  Hritain  the  coh>r-terit  is  now- 
very  largely  nsed,  every  blow  in  the  Hcs^jenu'r  converter  lK>ing  thus 
tested  for  carbon,  and  in  the  hands  ot"  skillinl  manijudalors  it  gives 
every  satisfaction.  InlJerman  steel  laboratories  the  color-test  i>  not 
so  nujch  nswl  as  in  (ireat  Hritain,  and  costly  arrangements  are  often 
employed  for  carrying  out  determinations  of  «';iri)on  bv  the  cond)ns- 
tion  process  on  a  larg«'  si-aK-.      For  the  tlaily  t\)ntroI  of  niil-stoel,  how- 
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ever,  this  is  rather  an  impracticable  arrangement,  when  results,  accu- 
rate within  O'Ol  per  cent.,  can  so  rapidly  be  obtained  by  the  color-test. 

Experience  soon  taught  the  manipulators  at  steel-works  to  modify 
the  method  in  many  respects  so  as  to  attain  greater  rapidity,  thus 
deviating  from  the  directions  given  by  Professor  Eggertz  in  1862. 
There  has,  however,  been  some  uncertainty  as  to  many  of  the  details, 
and  as  some  rather  serious  discrepancies  have  occasionally  occurred, 
especially  in  analyzing  the  harder  classes  of  steel,  there  have  not  been 
wanting  people  denouncing  the  whole  method.  It  is,  therefore,  with 
great  pleasure  that  I  am  able  to  accompany  this  paper  with  a  transla- 
tion of  Professor  Eggertz's  recent  article  on  the  subject.  As  the  con- 
tents of  this  article,  or  at  least  the  more  important  points,  were  kindly 
communicated  to  me  some  weeks  before  it  was  published  in  Sweden,  I 
have  had  ample  opportunity  of  applying  the  experience  thus  gained, 
and  have  found  it  thoroughly  corroborated  by  my  own  results. 

The  most  important  facts  in  Professor  Eggertz's  paper  are  con- 
tained in  the  rules  given  for  (1)  quantity  of  acid  required  for  each  0"1 
gramme  of  steels  of  different  percentages  of  carbon,  and  (2)  minimum 
addition  of  water  required  for  each  O'l  gramme  of  steel  dissolved  in 
nitric  acid  to  remove  the  iron  color. 

Referring  to  the  complete*  translation,  for  further  information  1 
will  now  explain  how  I  carry  out  my  determinations  of  carbon  in 
rail-steel  by  means  of  the  color-test.  My  mode  of  manipulation  is  the 
same  as  that  used  at  most  English  and  Welsh  steel -works,  with  ihe 
modifications  of  the  two  above-mentioned  new  rules  of  Professor 
Eggertz. 

I  use  0*2  gramme  of  the  steel  for  testing,  and  along  with  every  set  of 
samples  0*2  gramme  of  standard  steel  is  dissolved.  This  is  indispensable 
with  the  mode  of  procedure  I  adopt,  no  precautions  being  taken  to 
exclude  the  sunlight,  etc.  The  solution  is  effected  in  test-tubes  6 
inches  long  and  about  f  inch  internal  diameter.  The  dimensions  of 
the  test-tubes  are  not  a  matter  of  great  inportance,  but  they  should  not 
be  too  narrow. 

The  nitric  acid  I  always  allow  to  flow  into  the-tubes  from  a  gradu- 
ated burette,  this  being  by  far  the  best  way  of  adding  the  acid.  The 
tubes  are  then  put  into  a  beaker  4  to  5  inches  high,  half  filled  with 

*The  accompanying  translation  contains  an  addition  made  after  publishing  tlit 
article  in  Sweden,  and  is  thus  believed  to  be  more  complete  than  any  translation 
which  has  already  appeared  in  print.     See  Appendix. 
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water.  Tlie  Ijoakcr  may  Ix'  a<lvanta<:<-oii.sly  (-(nered  with  a  pert'ur- 
ated  tin  plate,  and  the  tulKis  j)iit  thronjrh  the  hoh^s,  and  thus  steadied. 
Heat  is  then  a))j)Iied,  and  boiling  i.s  continued  until  the  steels  are 
dissolved;  this  seldom  re(|uires  more  than  half  an  hour,  and  is  preatly 
j)romot<'(l  hy  the  )um|>irijr  of  the  tubes  in  the  hoilin;;  water.  When 
the  solution  is  completed  the  IiiIms  an-  put  into  cold  water,  and  the 
determination  of  earhon  is  thereupon  carried  out  hv  means  of  the 
carhon-tubes.  The  carlxm-tubes  are  j;enerallv  bou<;ht  in  sets  f)f  three 
tubes,  one  of  which  is  graduat<'d  and  the  other  two  not.  The  tul)es  in 
each  set  are  seleeted  carefully  so  as  to  be  of  the  greatest  j>ossil)le  uni- 
formity as  to  dimensions  and  quality  of  glass;  their  capacity  is  20  cc. 

In  my  ordinary  work  I  jmt  the  standanl-steel  sf)lution  into  one  of 
the  ungraduated  tubes,  measuring  oil  by  aid  <»f  the  gniduated  tulK',  and 
in  very  particular  analyses  I  use  standard-steel  solutions  of  different 
colors  in  both  the  ungraduated  tubes.  This  helps  the  eve  to  catch 
faint  differences  in  tint.  The  solutions  for  testing  are  put  into  the 
graduated  lube. 

The  (linLienccs  in  the  results,  which  are  sometimes  obtained  when 
analyzing  the  harder  cla.sses  of  steel  by  the  color-test,  are  not  observe<l 
as  far  a«  rails  are  concerne<l,  and  I  find  no  dirti<-ulty  in  obtaining  accu- 
rate results  in  this  case.  In  fact,  a^;  far  as  my  exj)ericnce  goes,  the 
<*arbon  in  rails  is  that  element  which  can  be  most  easilv  accurately 
deterniincfl,  and  this  by  the  sini|)le  color-test.  Jiut  even  for  harder 
steels  a  very  uuich  greater  certainty  is  now  secured  by  the  meth<Kl 
described  in  l*rofessor  Eggertz's  latest  publication. 

It  is  always  desirable,  if  not  necessjiry,  that  the  standard-steel  should 
have  a  j)ercentage  of  carbon  not  difU'ring  too  widely  from  the  average 
percentage  of  carbon  in  the  steels  for  testing;  especially  when  dealing 
with  trn/  soft  steels  one  finds  the  necessity  <»f  having  a  soft  standard. 

In  working  this  mcthoil  for  carbon  estimation,  when  the  cxirbon 
ranges  from  O'lO  to  O-SO  ])cr  cent.,  I  have  obtained  ai-curate  determi- 
nations with  great  rapidity;  and  this,  inde<'d,  is  the  great  value  of  the 
method,  which  is  hest  seen  by  its  ap]>lication  for  ascertaining  the  c:ir- 
l)ou  in  every  blow,  even  at  the  largest  sttvl-works  in  Kngland,  where 
huiidretls  of  charges  are  made  per  day.  Ordinarily,  a  l>oy  is  trainetl 
to  do  this  work,  untler  sui)erinten<lence  of  the  chief  chemist,  and  i^ui- 
se(|uently  the  cost  of  execution  is  but  very  small. 

The  plan  of  dissolving  rapidly,  and  then  ctnding  the  tuU^s,  as  just 
described,  was  i)riginally  empl«»ye«l  by  Mr.  8nelus  at  Dowlais. 
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Phosphorus  Determination. — The  greater  number  of  steel-works 
which  I  have  visited  use  the  Eggertz's  molybdic  method  for  determi- 
nation of  phosphorus  in  steeh  Except  in  Sweden,  however,  it  is  only 
at  one  large  works  in  Germany  that  I  have  seen  this  method  carried 
out.  in  the  way  originally  described  by  Professor  Eggertz,  and  at  those 
Avorks  superior  appliances,  etc.,  enable  the  manipulators  to  obtain 
pretty  quick,  and  certainly  very  accurate,  results,  even  when  using 
weighed  filters,  and  working  upon  the  small  prescribed  quantity  of  1 
gramme.  At  other  German  works  it  was  the  practice  to  redissolve  the 
phospho-molybdate  obtained,  and  to  finish  the  analysis  by  the  mag- 
nesia method.  But  at  all  the  English  and  Welsh  works  with  wliich 
I  am  acquainted  the  phosphorus  is  estimated  by  weighing  the  phospho- 
molybdate  itself.  Several  grammes  of  the  steel  are  always  used,  and  the 
precipitate  is  generally  brushed  oiF  from  the  filter.  Only  at  one  Welsh 
works  have  I  seen  it  gently  burnt,  so  as  merely  to  incinerate  the  filter. 

The  former  of  the  two  last-named  modes  of  manipulation  is  the  one 
I  use.  Like  so  many  other  useful  modifications  in  the  chemistry  of 
iron  and  steel,  this  plan  was  originally  introduced  at  Dowlais  by  Mr. 
Snelus.  In  the  following  pages  I  will  describe  the  process,  and,  at  thc- 
same  time,  refer  briefly  to  the  Welsh  "burning"  method  and  to  the 
magnesia  method,  etc. 

The  Burning  Method. — The  solution  of  the  steel  for  the  determina- 
tion of  phosphorus  is  an  easy  operation.  Not  less  than  5  grammes  of 
steel  are  dissolved  in  a  mixture  of  equal  volumes  of  strong  nitric  and 
hydroch.loric  acids.  (I  use  for  this  purpose  nitric  acid  1*4'2,  and 
hydrochloric  acid  1*195  sp.  gr.)  No  loss  through  escape  of  phosphorus 
in  combination  with  hydrogen  is  hereby  incurred.  The  solution  is 
evaporated  to  dryness,  and  heated  until  all  dark  fumes  have  ceased  to 
escape.  A  beaker  or  a  porcelain  dish  may  be  used,  according  to  cir- 
cumstances, and  evaporations,  etc.,  are  performed  on  the  hot  plate.  By 
the  evaporation  to  dryness  the  complete  solution  of  the  steel  is  secured, 
all  organic  matter  is  destroyed  and  the  silica  can  be  separated,  which 
is  advisable  if  it  is  present  in  any  noticeable  quantity. 

The  dry  mass  is  then  dissolved  in  strong  hydrochloric  acid,  the 
excess  of  acid  removed  by  evaporation,  hot  water  added  and  the  silica 
filtered  off.  (If  little  or  no  silica  is  present  it  is,  of  course,  unnecessary 
to  filter  it  oif,  and  the  precipitation  of  phosphorus  may  then  at  once 
be  proceeded  with.)  The  filtrate  is  evaporated  down  to  a  small  bulk, 
so  that  it  is  only  just  fluid  ;  it  is  allowed  to  cool,  and  then  about  4  cc. 
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of  tlie  strong'  nitric  :i<-i«l  ar(.'  added.  A  littlf  riii>iiii^  \vat<.*r  is  iiitro- 
duced  .so  ;ls  to  iiiaUc  the  l)idlv  ahoiit  20  cc.  Tlie  l)eaker  i»  .^Jtron^lv 
sliakcii  ill  tli(!  ri^lit  hand,  wliile  from  a  pipette,  wliirli  is  held  in  the 
h-ft  hand,  2(J  cr.  of"  the  sohitioii  of  inolvlxlate  ot'  aiiiiiioiuM  .in-  .■illnwcd 
to  run  into  the  beaker  in  a  thin  stream. 

The  solution  of  moIylj(hite  is  prej)ared  by  di.ssolvinji;  1(X>  grams  of 
moIyh(hite  of  animoniu  in  lOUO  cc.  of  water  and  100  cc.  of  ammonia, 
0*88  sp.  gr.  It  is  of  no  advantage  to  ii.se  less  strong  solutions  of 
molylxlate  than  tiii.s,  as  one  has  then  to  employ  a  larger  «jnantitv  of 
the  .simc,  and  thus  <jl)tain  a  greater  hulk,  the  woric  being  thereby 
retarded. 

After  pouring  in  the  solution  of  the  niolybdate  a  few  drops  of 
ammonia  (0'88)  are  added,  and  the  beaker  is  shaken  until  the  pre- 
cipitate of  iron  has  disa[)|)earal.  'I'iie  piiosphomolybihite  is  then  com- 
pletely down,  and  you  have  only  to  leave  the  beaker  on  tiie  less  hot 
part  of  the  plate  at  least  for  1  hour,  during  that  time  allowing  it  to 
settle,  and  shaking  it  up  again  repwitedly.  After  the  last  shaking  the 
precipitate  must  se|»arate  (li>tiii(tly,  and  Iwive  a  perfectly  clear,  super- 
natant solution.  There  is  no  danger  of  getting  molybdic  acid  down, 
even  if  you  were  to  boil  Ibr  a  moment  or  to  use  a  large  excess  ot' 
niolybdate,  i)rovided  that  there  is  a  sutliciently  large  (juantity  of  nitric 
a<id  present ;  but,  if  there  is  arsenic  in  the  .steel,  this  will  come  down 
along  with  the  phosph(»rus,  and  «ui.se  too  high  results.  The  using  of 
the  ammoniacal  soluti(»nof  molyUiate  and  ammonia  cau.ses  a  consi«ler- 
ai)le  elevation  of  temperature  ;  hence,  :us  will  be  shown  l)clow,  the  pre- 
cipitation of  ai*senic. 

After  settling,  pour  the  li(juid  on  a  go«Hl  Swedish  l-inch  filter; 
wash  the  filter  with  cold  water  containing  1  per  cent,  of  nitric  aciil 
until  it  is  tpiite  white;  wa>li  the  pre<'uj)itate  in  the  beaker  once  bv 
decanting  with  ordinary  water,  iiKHlerately  hot,  and  finally  w;ush  the 
precipitate  down  on  the  filter,  and  collei;t  it  at  the  ivntrc  with  as  few 
washings  as  passible  with  ordinary  water,  nuxlerately  h(»t.  The  filter 
should  be  (juite  white  U'tbi-e  the  pr«.vi[)itate  is  w:ishe«l  on  to  it. 

If  the  wiusliing  is  conductiHl  in  this  way  no  hvss  will  l>e  incurritl  in 
dissolving,  neither  will  the  fluid  run  through  turbid.  The  soluitility 
of'  the  phospho-molybdate  pivcipitate,  at  Ui'^C,  is  given  by  l*rofe.s>or 
Kggertz  as  follows: 
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In  pure  water,  .  .  .1  part  in  10,000 

In  water,  with  1  per  cent,  of  nitric  acid,       1         "       6,600 
In  hydrochloric  acid,  1-12,  .  1  "  550 

In  nitric  acid,  1-2,      .  .  .  1         "  190 

If  to  the  solvent  be  added  a  solution  of  molybdate  of  ammonia, 
equal  to  about  half  of  its  volume,  the  solvent  action  seems  to  be  con- 
siderably lessened. 

After  washing,  unfold  the  filter  containing  the  precipitate  upon 
another  filter,  and  put  it  upon  the  edge  of  the  plate  to  dry.  The 
unfolded  filter  should  be  covered  with  a  large  watch-glass,  so  as  to 
prevent  dust  from  getting  into  it.  As  to  the  temperature  for  drying, 
this  is  by  no  means  so  essential  a  point  as  is  often  supposed,  and  the 
precipitate  may  be  dried  for  hours  at  a  temperature  between  100°  and 
140°C.  without  changing  its  percentage  of  phosphorus  in  any  note- 
M'orthy  degree,  as  stated  by  Professor  Eggertz,  whose  results  in  this 
respect  are  compiled  in  the  following  table: 

Temperature.  Loss  per  cent,  of  weight  of  precipitate. 

95°— 100°C.  0-40 

100°— 120°C.  0-20 

120°— 140°C.  0-05 


95°— 140°C.  0-65 

The  total  loss  in  weight  is  thus  only  0*65  per  cent,  when  drying  at 
140°C.,  and  this  has  no  practical  influence,  considering  the  small 
amount  of  phosphorus  in  the  precipitate  and  the  large  quantity  of  steel 
operated  upon.  The  precipitate  also  retains  its  yellow  color  at  the 
temperature  of  melting  lead  (355°C.),  but  gets  black  at  the  tempera- 
ture of  melting  zinc  (400°C.) 

When  dry,  the  precipitate  is  shaken  down  into  a  weighed  platinum, 
or  porcelain  dish,  the  brush  not  being  applied  until  nothing  more  can 
be  loosened  from  the  filter  by  mere  shaking.  It  is  a  convenient  prac- 
tice to  hold  the  filter  in  the  left  hand,  and  to  knock  gently  on  this 
hand  with  the  other. 

Having  thus  given  the  outlines  of  my  mode  of  using  the  molybdic 
method,  I  would  add  the  following  precautions,  which  are  necessary 
for  attaining  accurate  results: 

1st.  llemoving  excess  of  hydrochloric  acid  from  the  solution  by 
evaporation. 
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2d.  Adding  the  s(jliiti(»n  of  inolylxlatc  in  a  very  thin  stream,  sliak- 
ing  well. 

3d.  Great  care  in  the  washing  and  brushing  off. 

As  for  the  weigliing,  it  is  advi.sal)le  to  (hy  in  the  vessel  repeate<lly^ 
and  weigh  two  or  three  times  before  deciding  the  weiglit  finally. 

In  Ef/f/ei-tz's  orif/inal  method  t\u;vii  is  used  for  the  determination  of 
phosphorus  in  steel  ordy  1  gramme.  Tiie  soluticju  of  molybdate  is  pre- 
pared from  100  grammes  pure  molylxlic  acid  to  422  cc.  ammonia  (o;>6 
sp.  gr.),  and  1250  cc.  nitric  acid  (1*2  sp.  gr.).  By  using  such  a  small 
quantity  of  steel  one  advantiige  is  gaine<l,  viz.,  that  no  evajMinitinn 
after  separation  of  the  silica  is  required,  the  bulk  l>eing  very  sm;ill  if 
the  washing  has  been  carefully  pcrformnl.  Hut,  of  course,  brushing 
cannot  be  ai)plied  when  such  a  small  quantity  of  steel  is  taken. 
Weighed  filters  have  to  be  used. 

As  to  the  precipitation  in  this  case,  you  may  manage  to  have  the 
iron  solution  of  15  to  20  cc.  volume,  and  add  to  the  same  at  leiist  half 
its  volume  of  the  above-mentioned  solution  of  molybdate.  The  s(»lu- 
tion  is  well  stirred  and  left  at  a  temperature  of  40^C  for  1  to  3  hours, 
after  which  the  precipitate  is  collecte<l  on  the  weighed  filter,  drie<l  and 
weigheil. 

In  Sweden  it  is  ot"  gnat  imjxirtance  to  kee[)  the  temperature  n<>t 
above  40°C.,  as  some  of  the  very  purest  Swi^lish  irons  and  steels  con- 
tain arsenic,  which  will  come  down  ;ls  a  yellow  precipitjitc  similar  to 
the  i)hospho-molybdate.  At  70°C  this  ai'senio-molylMlate  (containing 
4*11  per  cent,  of  arsenic)  comes  down  pretty  quickly,  and,  on  boiling, 
it  precipitates  at  once.  It  is  c:isy  to  undei-stand  how  important  it 
must  l)e  to  avoid  astimating  the  arsenic  as  phosphorus  in,  for  instance, 
a  Dannemora  "Malbntn"  iron,  where  the  phosphorus  may  be  only 
O"0l  per  cent,  or  les-^.  If  the  right  temperature  be  negUn'teil  the  phos- 
phorus would,  perhaps,  appear  to  be  0*02  per  cent.;  but  this  would 
still  be  serious  in  such  [)ure  material.  In  fact,  it  is  to  Ik;  feare<l  that 
many  mistiikes  on  the  part  of  consumers  of  Sweilish  stools  are  (-..ni- 
mittal  through  overl(X)king  the  presence  of  arseiiic. 

It  falls  beyond  the  limits  of  this  paper  to  dosi-riln?  Prof.  Kggort/.*& 
moth(Kl  for  separating  and  determining  the  arsenic  in  st«x*l,  and  1  have 
only  to  mention  that  I  have  not  Ihhmi  trouble<l  with  ai"sonic  in  any  ot" 
the  rail-stcels  with  which  I  have  had  to  do. 

IVic  Burnnuj  Md/Kxl.  As  to  the  meth<Hl  of  l)urning  the  pri't-ipiiaie 
above  referroil  to,  1  may  say  that  I   siw  it  [)nictii"oil  two  years  ago  at 
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n  large  works  in  South  ^Yales,  but  not  until  lately  have  I  had  time  to 
try  it  myself.  At  the  works  in  question  it  was  the  practice  to  put 
the  wet  filter  containing  the  precipitate  in  a  platinum  crucible,  and  to 
place  this  in  the  forepart  of  a  hot  muffle-furnace,  so  as  to  incinerate 
the  filter.  A  certain  correction,  as  I  was  told,  was  made  for  the 
expelled  ammonia,  before  taking  down  the  result.  However,  I  have 
found  hitherto  that  by  adding  the  filter  to  the  precipitate  after  deter- 
mination by  the  brushing  method,  in  the  usual  way,  and  putting  it 
fill  into  a  weighed  porcelain  crucible,  then  carefully  charring  the 
filter  and  burning  it  over  a  gentle  flame  from  a  Bunsen  burner,  no 
very  different  results  are  obtained;  indeed,  in  most  ca.ses  I  have  found 
the  weight,  after  burning,  only  so  much  higher  than  after  brushing,  as 
would  correspond  with  the  weight  of  the  filter-ash,  and  in  no  case  have 
I  found  it  less  than  after  brushing.  It  appears  that  140°C.  is  the 
highest  temperature  that  can  be  used  when  only  drying  of  the  pre- 
cipitate is  intended,  for  at  higher  temperatures  the  filter  paper  begins 
to  change.  But,  as  far  as  the  above-named  experiments  show,  it  is 
quite  feasible  to  incinerate  the  filter  without  practically  altering  the 
composition  of  the  precipitate.  A  continued  series  of  such  experi- 
ments will  give  a  list  the  average  of  which  will  show  the  accuracy 
obtainable  by  the  burning  method. 

Magnesia  Methods. — In  some  laboratories  it  is  usual  to  redissolve 
the  phospho-molybdate  obtained,  and  then  to  precipitate  with  mag- 
nesia mixture.  This  is  a  rather  slow  and  wasteful  way  of  procedure, 
and  the  direct  (Riley's)  method  seems  then  preferable. 

In  the  direct  method  one  may  use  at  least  10  grammes  of  steel.  The 
hydrochloric  acid  solution  is  reduced  by  means  of  sulphite  of  soda, 
the  excess  of  sulphurous  acid  is  removed  by  boiling,  the  solution  is 
then  neutralized  with  ammonia  and  bromine  added,  so  as  to  oxidize 
about  0*3  to  0*4  gramme  of  iron.  The  sesquioxide  of  iron  is  precipitated 
by  means  of  acetate  of  soda,  and  the  whole  of  the  phosphorus  in  the 
steel  is  supposed  to  be  precipitated  along  with  it. 

The  precipitate  is  filtered  oif  and  dissolved  in  hydrochloric  acid, 
about  13  grammes  of  citric  acid  are  added,  and  the  solution  is  neutralized 
with  ammonia;  20  to  30  drops  of  magnesia  mixture  are  then  added, 
and  some  ammonia.  The  whole  should  then  be  left  for  two  days,  and 
be  stirred  up  now  and  then  during  that  time  before  it  is  finally 
filtered.  The  precipitate  is  washed  with  ammoniacal  water,  ignited 
antl  weighed. 
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It  is  difficult  to  see  wliorc  tlio  advanta^p  of  u>inp  tliis  nietlio^l  \V(»iil<l 
lie,  as  compared  with  the  direct  weigh i iij;  ol"  the  j»hosj»ho-niolvlxlMte. 
The  ignited  j)ho.sj)hate  of  magnesia  contains  27*9o  \xiT  cent,  of  phos- 
phorus, and  an  error  in  weighing  must  have,  therefore,  a  .serious  inHu- 
ence  o;i  the  result,  unless  a  very  large  quantity  of  the  steel  be  uh-<1. 
But  altogether,  the  magnesia  method  requires  much  more  time,  skill 
and  labor  than  the  molylKlic  method.  To  this  sliould  Im*  added  the 
statement  by  Profes.sor  p]ggertz,  that  it  is  exceedinglv  difticult  to 
obtain  the  reagents  usetl  in  the  magnesia  metluMJ  free  from  phosphorus, 
wliereas  in  the  niolybdic  acid  metlMMJ  it  is  only  the  nitric  aci<l  which 
may  contain  jdiospliorjis.  Too  high  residts  are,  therefore,  fre(juentlv 
f»l)tained  by  the  magnesia  method. 

In  conclusion,  I  may  say  that  the  above-<lcscribe<l  l)rushing  meth<Hl, 
whicii  I  u.><e  daily,  has  given  very  accurate  nsults,  as  the  siune  borings 
have  been  checked  by  .some  of  the  leading  chemists  of  the  dav.  As  to 
the  time  required,  if  .several  analy.ses  are  jKrformed  at  the  .-^iune  time, 
and  .suitable  arrangements  made,  two  or  three,  or  even  more,  results 
may  be  obtained  in  a  ilay. 

Silicon  I)dennin(i(inn.~Vov  determining  silic<»n  in  mil  steel  I  use 
the  aqua-regia  and  the  sulphuric  acid  methods.  Tin-  former  hits  l)een 
suHiciently  described  in  conne<-tion  with  the  phosj)horus  determination, 
and  I  will  here,  therefore,  only  mention  (he  |»rincipal  dctiiils  of  the 
latter. 

For  each  gram nie  of  .steel  1  u.se  14  ci-.  of  a  mixture  of  sulphuric  acid 
and  water,  in  the  proportion  of  1  of  sulphuric  acid  to  (j  of  water.  If 
I  wish  to  estimate  the  silicon  only,  no  oxidizing  of  tlje  sohuion  i- 
nece&sar}',  and  I  have  only  to  boil  (with  exclu.sion  of  the  air  as  far  a> 
pos.sible)  until  all  is  dis<;olve<l,  and  then  comj)Ietelv  evaj»<»rate  the 
water  .so  as  to  render  the  silic:\  insoluble.  The  white  s;ilt  is  then 
taken  up  with  hot  water  and  a  few  drops  of  strong  livdrtK-hloric  acid, 
and  the  silica  tilteied  oil"  and  wa>he«l  with  hot  water  containing  .')  iH>r 
cent,  of  nitrii'  acitl. 

If  mangjuiese  is  to  be  c^itimated  in  the  solution  obtaine<l,  the  .solu- 
tion should  be  boiled  with  a  few  cubic  centimetres  i»f  nitric  acid  for 
about  one-(piarter  of  an  hour  l>efore  evaponitini;  «lown.  After  di~- 
.s)lving  the  sdt  in  water  and  hydnnhloric  acid,  boiling  .sjutuld  U-  con- 
tinued for  another  (piarter  of  an  hour  l)efore  filtering  otl'  the  silic:i,  so 
as  to  insure  the  manganese  being  convcrtetl  to  mang:uious  oxide.  The 
silica  nuist,  in  this  ra.>ic,  be  waslunl,  tirst  with  ordinarv  a)ld  water,  antl 
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then  with  the  nitric  acid  water,  which  should  flow  into  a  separate 
beaker  and  not  into  the  first  filtrate,  where  it  might  produce  a  higher 
state  of  oxidation  of  the  manganese. 

I  find  that  the  aqua-regia  and  the  sulphuric  acid  methods  yiel<] 
results  which  are  quite  uniform  and  concordant.  The  sulphuric  acid 
method  can  be  quite  as  rapidly  used  as  the  aqua-regia  method  by 
means  of  the  hot-plate.  Two  years  ago  I  worked  this  method  in  a 
steel  laboratory  in  Wales,  and  the  chemists  at  the  place  took  such  a 
liking  to  it  on  account  of  the  absence  of  the  disagreeable  fumes,  which 
are  evolved  in  the  aqua-regia  method,  that  they  started  working  it  lor 
the  daily  determination  of  silicon  in  their  pigs.  At  the  present  time 
they  use  the  sulphuric  acid  method  exclusively,  and  are  by  practice 
enabled  to  work  it  quite  as  rapidly  as  the  aqua-regia  method.  Besides 
being  a  neater  method,  the  sulphuric  acid  process  effects  no  incon- 
siderable economy  in  daily  practice,  where  otherwise  large  quantities 
of  aqua-regia  must  be  consumed. 

When  using  acid  water,  as  in  the  sulphuric  acid  method,  or  strong 
hydrochloric  acid,  as  in  the  aqua-regia  method,  for  washing  the  silica, 
I  make  no  deduction  for  filter-ash.  The  best  Swedish  filter-paper  does 
not  leave  any  practically  estimable  quantity  of  ash  when  treated  in 
that  way.  Otherwise,  a  deduction  is  made  according  to  Eggertz's 
formula : 

Ash,  grams  =  0-0001  W, 
D  being  the  diameter  of  the  filter. 

Manganese  Determination. — For  determining  manganese  in  rail 
steel  I  use  the  acetate  of  ammonia  and  bromine  process,  with  final 
additions  of  ammonia,  as  usual  in  English  and  AVelsh  steel  laboratories. 
In  Germany,  the  method  with  acetate  of  soda  and  bromine  or  chlorine, 
and  no  final  addition  of  a  strong  base,  is  used,  and  in  Sweden  the  ace- 
tate of  soda  and  bromine  method,  in  accordance  with  Prof.  Eggertz's 
directions.  In  describing  my  mode  of  operating,  I  will  also  try^to 
point  out  the  great  differences  between  the  method  with  ammoniacal 
salts  and  bromine  and  ammonia,  combined,  and  the  methods  with  fixed 
alkaline  salts ;  and  to  show  what  are  the  precautions  to  be  taken  in 
each  case  to  attain  accuracy. 

Bromine  and  Ammonia  Process. — 3  grammes  of  steel  are  dissolved  in 
a  flask  of  1  litre  capacity  by  aid  of  aqua-regia ;  the  solution  is  boiled 
clown,  and  finally  dried.  The  mass  is  then  dissolved  in  hydrochloric 
acid  by  boiling;  water  is  added  to  about  750  cc.  volume,  and  the  solu- 
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tion  nc'Utnilizcfl  with  aiiiiiionia  or  dirbonato  of  ammonia.  If  tooniucli 
ammonia  is  added,  caiX'  must  l»(;  taken  iinin«xliately  to  add  some  liydro- 
•cldoric  acid  and  to  Woil  for  a  short  time,  so  as  to  prevent  mantrnnf^se 
being  i)recipitated.  When  neutralizing^  is  eon)|)leted  add  2n  to  3n  cc, 
of  Htrongly  concentrated,  thick  acetate  of  ammonia,  and  l»oil  until  you 
j?ee  the  precipiUite  settle  clear  after  liftino:  the  flask  o if  from  the  lamp. 
If  the  supernatant  li(juid  will  not  Ixicome  clear,  add  eantiously  a  lew 
drops  of  strong  ammonia  (0'M8),  siiake  the  Hitsk  and  boil  tor  a  moment 
.agjiin.  ill  this  wav  voii  are  certain  to  obtiiin  a  clear  sujwrnatant 
Jiqni(I;  but  vou  must  be  very  careful  not  to  add  too  much  ammonia, 
na  the  manganese  may  th<'n  be  j»artly  j)recipitated  as  hydrated  oxide. 
After  settling,  the  clear  licpiid  is  p;ts<ed  tlii'oiigh  a  filter  ot  lo  iii<-hes 
diameter  into  a  large  llask,  and  linally  the  |>recipitat4'  of  bxsic  acetate 
■of  oxiile  of  iron  is  poured  on  to  the  filter  and  tiie  remainder  of  the  Huid 
allowed  to  filter  well  off.  When  no  more  drops  seem  to  come  from 
the  funnel  the  btusic  acetate  is  w:Lshed  down  into  the  first  fhusk  by 
means  of  boiling  water,  and  hydnx-hloric  aeiil  is  adiled.  The  flask  i> 
well  shaken  and  heated  to  boiling,  in  order  to  insure  the  remaimlcr  of 
the  manganese  being  |)resent  only  a.s  manganous  oxide.  Neutralizing 
and  precipitation  is  then  repeated  as  before,  and  the  filtrate  addi-tl  to 
the  first  one  ol)tained.  For  rail  steel  I  find  two  preci|)itations  like 
these  quite  sufficient,  the  manganese  in  such  steels  rarely  excee<ling 
1  per  cent.  lint  for  spiegeleisen,  ferro-mang:inese,  etc.,  it  is  certainly 
desirable  to  redissolve  twice,  :us  the  more  mang-anese  there  is  in  the 
substance  the  more  of  it  will  Im?  retaineil  in  the  iron  prtripitate.  Any- 
liow,  it  should  be  ln»riie  in  mind  that  a  gtunl  boiling  is  necessary  after 
overy  re-solution,  in  order  to  convert  the  manganese  to  mani/iinou.s 
oxide. 

The  collecteil  filtrates  contained  in  the  large  flask  are  then  allowe<l 
to  cool  (this  takes  only  a  short  time,  the  first  filti-at*'  coolini;  the  se<ond, 
and  so  on),  about  4  (v.  of  bromine  arc  adile<l  and  tiie  {\n>k  well  shaken, 
so  that  the  fluid  may  Ihj  well  saturateti  with  bromine.  It  is  the  safest 
always  to  add  so  much  bromine  as  to  have  quite  a  re<ldish  ("olor  in  the 
solution.  Ammonia  (().SS)  is  then  addt'd  in  excess,  and  the  fl:L<k  well 
shaken.  At  first  the  solution  genendlv  becomi's  quite  I'olorlcss,  but 
after  continued  shaking  the  brown  color  begin>  to  l>e  more  and  more 
evident,  and  soon  the  oxide  ot'  manganesi-  si'paratcs  in  lumps.  It  is 
then  boiled  for  a  few  minutes,  the  prtH'ipitate  allowe<l  to  s«>ttle  and 
then  filtcrai  off,  washeil  with  hot  water,  drietl,  ignited  and  wcigheil. 
Whole  No.  Vol.  CXll. — iTuiuD  Skrus,  Vol.  Ixxxii.)  22 
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It  is  necessary  to  have  the  solution  quite-  eokl  and  a  lai'^e  excess  of 
bromine  present  when  precipitating  the  manganese  in  this  way.     If 
the  sokition  be  hot  a  violent  evolution  of  nitrogen  gas  will  take  place,  , 
and  the  manganese  remains  in  the  solution.     Insufficient  bromine  also 
causes  only  a  partial   precipitation.     One  may  write  the  reactions  iit, 
this  process  as  follows : 

I.  Insufficient  bromine: 

2[Mn02(C2H30),]  +  5Br + 8NH3 + (x  +  2)H.O=(Mn02  + 
xH20)  +  MnOiC2H30)2+5NH,Br+2[NHp(C2H30)]. 

II.  Sufficieiit  bromine: 

MnO^lC^HgO). + 5Br + 8NII3 + (x + 2)H.,0=(MnO.,  +  xH,0)  -}- 
5NH,Br+2[i\H,0(C,H36)]+N. 

(To  be  continued.) 


DISCUSSION  ON  STEEL  RAILS. 

Before   the   American    Institute   of   Mining   Ensjineers,  at   tlie  ^"irginia   Meetings 

May,  1881.  " 


C.  p.  Saxdberg,  London,  Eng.  :*  I  think  we  should  all  be  grateful 
to  the  Pennsylvania  Railroad  Company,  and  to  their  chemist,  Dr. 
Dudley,  for  spending  so  much  time  and  money  in  order  to  solve  an 
important  question  ;  nor  are  we  less  indebted  to  the  public  spirit  which 
leads  them  to  impart  the  experience  thus  gained.  In  Europe  no  com- 
pany or  private  individual  has  hitherto  done  anything  similar.  In 
England  the  great  railway  companies  employ  their  engineers  in  other 
ways,  and  do  not  keep  a  chemist  or  specialist  to  study  rails ;  but  even 
if  they  did  they  would  probably  not  publish  the  results.  The  chief 
professional  engineers  are  so  occupied  with  their  private  practice  of 
railroad  construction  generally,  that  they  cannot  be  expected  to  devote 
their  time  and  energies  in  so  special  a  question.  The  German  Rail- 
way Union  has,  in  my  opinion,  missed  the  real  object  of  their  elabo- 
rate researches  by  falling  into  the  error  of  specifying  costly  impracti- 
cable tests  for  rails — tests  at  the  same  time  which  do  not  infallibly 
expose  the  impurities  which  may  be  in  the  rails  under  examination.. 
There  has,  therefore,  been  nothing  done  on  this  side  of  the  Atlantic 
in  the  way  of  exhaustive  study  to  determine  the  best  composition  for 
steel  rails.  America  should  consequently  have  full  credit  for  the 
enlightened  example  which  she  has  set. 

*Sent  to  the  Secretary  in  manuscript. 
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1  wi.-li,  liowcvcr,  to  iiKiki-'  a  i"<'\v  remarks  nii  J)|-.  l)u<Iley'.s  .swoinl 
paper — a  paper  uliidi  follows  very  laiicji  iijton  ili«'  same  lines  of 
arguiiient  as  the  first,  read  three  years  a<^o,  u|)oii  which  I  have  pre- 
viously t(juehe<l  ill  my  paper  on  the  sjiiiie  siihjeet  read  at  the  meet- 
ing in  Aiignst  hist.  If  Dr.  Diidh-y  iiad  dis<'overed  a  new  metal  lie 
eoiild  hardiv,  1  think,  have  tak('n  more  pains  to  prove  that  he  wjls 
correet  in  his  first  lormiila  for  the  best  chemical  composition  of  ste<'! 
rails.  J>iit  I  have  seen  so  much  done  in  tin;  way  of"  proof  hy  experi- 
ment that  I  am  inclined  to  think  that  almost  anything  can  In-  |)rove<l 
by  experiments  and  by  samples.  if  I  )r.  Dudley  would  onlv  give 
up  Ids  formula,  which  would  n(»t  suit  any  country — not  even  Amer- 
ica— to  work  ity  the  ordinary  Jiessemer  process,  and  would  .sati-sfv 
liimself  by  applying  such  chemical  tests  In  comparison  with  iiK-chani- 
cal  or  physical  tests,  which  are  practically  workable,  with  a  view 
to  arrive  at  s(»iuething  better  in  rails  generally,  he  would,  I  think, 
ha\c  done  his  company  and  xicieiy  at  largt;  better  servi«'e  than  even 
he  has  so  far  rendered.  .\s  it  is,  he  seems  to  have  the  Ameri<'au 
makers  arrayed  agains(  him,  and  1  fear  that  the  Kuro|K.an  makers 
will  not  sympathize  with  him  very  much  either.  No  one  can,  iiow- 
ever,  deny  that  i  >r.  Dudley  h;us  carefully  worked  out  a  series  of 
experiments,  sj>aiiiig  no  pains  to  sulotantiate  his  views.  Still  it  l)V  no 
means  follows  that  his  c(»nclusions  are  correct,  and,  ;ts  lias  often  haj)- 
j)eiied  bi-fore,  doctors  may  honestly  disagree  as  to  the  best  means  of 
arriving  at  the  truth. 

As  to  the  disi'ussion  at  the  IMiiladelphia  meeting,  it  is  to  Iw 
regretted  that  it  ehielly  re|U(seiits  one  side,  vi/.,  tlie  makers;  for 
tlie  engineers  do  not  seem  to  iiave  been  well  represeiitiHl  at  the  dis- 
cussion. If  they  had  been  better  represented  the  general  conclusion 
would  no  d<»ubt  have  been  dill'erent.  Some  of  them  would  jnoUablv 
have  agretnl  with  Dr.  Dudley  in  many  respects  where  the  makers 
were  against  him  ;  for  instaiHc,  tiny  would  have  hcM  that  both  cop- 
per and  siil|»hur  are  of  more  importance  to  the  priwluc-er,  aiitl,  there- 
fore, th«'  consumer  can  safely  K-avi'  them  out  of  the  tpU'stlon  williout 
detriment  to  himself. 

Jiut  for  blooms  it  will  be  necessary,  at  least,  ot-easionallv  to  deter- 
mine tlie  sulphur  so  its  to  detect  red-shortness  wliieh  migiit  otiierwise 
cause  cracks  and  wastei-s  in  rolling  out  tlie  Kngllsh  bKK)ms  in  Amer- 
ica. This  would  be  particularly  the  case  If  the  mills  uso<l  for  that 
purpose  had  low  speetl,  so  :us  to  prevent  the  steel  being  worketl  out  at 
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a  good  heat.  As  for  copper,  an  excess  is  more  rarely  the  case ;  more- 
over, a  larger  amount  may  be  tolerated  than  in  the  case  of  sulphur, 
so  that  this  determination  is  not  of  such  importance  as  that  of  the  sul- 
phur. In  the  basic  process  the  sulphur  is  of  very  great  importance, 
as  the  ordinary  white  pig  iron  generally  contains  a  greater  amount  of 
this  impurity  than  does  the  Bessemer  pig  iron.  It  is,  however,  to  be 
hoped  that  by  increased  experience  makers  will  succeed  in  the  elimi- 
nation of  sulphur  as  well  as  they  have  done  with  the  phosphorus. 
Anyhow,  sulphur  will  always  be  a  source  of  trouble  to  the  maker 
rather  than  to  the  consumer  of  rails. 

The  carbon  test  by  coloration  according  to  Eggertz's  method  is 
quite  reliable  within  any  limits  that  occur  in  rail-steel.  It  is  true 
that  it  does  not  show  the  graphite,  but  the  amount  of  this  is  so 
small  that  it  can  be  left  out  without  any  detriment  in  practice. 
Besides,  this  method  is  very  generally  adopted,  and  where  the  make 
is  large  and  every  charge  has  to  be  tested,  the  number  of  tests  may 
amount  to  about  one  hundred  a  day.  How  could  this  be  done  if 
combustion  tests  were  used?  Moreover,  I  should  mention  that 
Professor  Eggertz  has  lately  introduced  considerable  improvements, 
by  which  greater  accuracy  can  be  obtained  even  when  the  carbon  is 
very  low. 

No   one   has  a  right  to  doubt  the  correctness  of  analytical  results 
made  by  Dr.  Dudley's  assistant  as  long  as  he  certifies  to  them.     But 
the   makers  have,  no  doubt,  some  right  to  comjjlain  of  the  small 
amount  of  silicon  allowed  in  Dr.  Dudley's  formula,  viz.,  0'4  per  cent. 
What  would  Dr.  Dudley  say  if,  on  analyzing  some  steel  rails  from  his 
own  road,  which  had  given  very  good  results,  he  liad  found  ten  times 
as  much  silicon  as  his  formula  required — a  result  which  I  think  quite 
possible,  as  I  have  sometimes  found  tiiis  amount  of  silicon  in  steel  of 
excellent  physical  character.    There  is  no  impurity  in  steel  rails  which 
may  vary  so  much  as  the  silicon,  not  only  in  diiferent  districts  and 
countries,  but  even   in   the  same  works.     It  often  varies  four  or  five 
times  as  much   at  one  time  as  at  another,  the  variation  depending 
chiefly  upon  the  heat  of  the  blow  (the  pig  iron  used  being  the  same). 
Silicon  passes  away  simultaneously  Avith  the  carbon  in  the  cold  blow, 
but  keeps  in  almost  undiminished  quantity  in  the  hot  blow  ;  and  the 
makers  have  as  yet  no  means  of  determining  when  the  silicon  is 
removed,  as  they  have,  for  instance,  in  the  case  of  carbon.     The  use 
of  the  spectroscoj^e  has  been  of  but  little  value  in  practice  on  a  large 
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scjile.  It  woiiM  tlicrefore  be  very  liard  —  in  fact,  (juite  uiinece.*^.siirily 
severe — to  limit  tlii.s  impurity  to  .such  a  ilcjj^rec  its  to  be  .sciirccly  attain- 
able in  practice. 

I  fear  also  that  Dr.  Dudley's  physical  test.s  are  quite  as  impractidi- 
ble  as  his  chemical  ones.  To  a|)j>Iy  a  bending  or  a  .siiearinj^  or  tor>ion 
test  to  an  article  which  has  in  daily  use  to  sust;iin  concussion  and  abra- 
sion seems  a  curious  coui>ie  of  procedure.  iJesides,  the.se  tests  are  too 
slow  and  costly  to  be  of  much  service  in  actual  j)ractice,  just  as  is  the 
case  with  the  tests  of  tensile  strength  and  conti*action  of  area  stipu- 
lated by  the  German  Railway  Union. 

I  have  had  ample  experience  of  late  to  j>i<)vc  tlic  comparative 
worth  less  nc^s  of  such  tests  in  Germany,  atid  I  .-liould  regret  to  .-^e 
America  or  any  other  country  adopt  them.  For  years  these  tests  have 
been  insisted  on  by  the  (Jerman  Railway  I'nion  for  all  their  mils  ; 
the  drop  test  has  been  .so  reiluced  ;ls  to  have  little  or  no  ell"e<-t,  and 
even  in  some  ca.ses  it  has  been  abolished  altogether.  Since  I  com- 
menced in.speetion  at  German  works,  not  only  have  I  founil  some 
makers  objecting  to  my  heavy  drop  test,  but  on  analyzing  the  (Jerman 
rail  steel  1  have  fcuuid  that  it  contains  twice  as  nnich  phosphorus  and 
silicon  as  the  Ijiglish  rail  steel,  where  the  drop  test  has  principally 
been  u.M'd  for  many  years.  In  fact,  the  .scientific  German  tests,  with 
all  their  disjulvantage  of  slowness  and  expense,  have  proveil  alt<t- 
gether  less  etlkuicious  in  keeping  out  these  impurities  than  the  simple 
drop  test  has  been,  although  the  latter  is  <lesignate<l  as  "crude." 
Still  Dr.  Dudley  recommends  the  former  when  he  csmnot  put  in 
execution  the  still-born  idea  of  a  registering  manometer  on  the  punch- 
ing machine  for  measuring  the  hardness  of  the  metal,  as  suggestwl  at 
Barrow  many  years  ago,  but  never  actually  put  in  practice.  Why 
should  we  give  up  a  test  that  has  f«»r  years  done  gocHJ  .service  tor  mil- 
lions of  tons,  simply  because  it  is  "crude,"  and  ail^pt  a  slow,  costly 
and  impracticable  one  (^whit-h  has  not  done  go«Kl  .^^ervice),  simply 
because  it  is  '*  scientiti«- "  ? 

As  to  the  theory  of  the  softest  rail  being  best  for  wear,  I  ^hould 
re»piire  lurther  j)rool"  on  thousjinds  of  tons  U-fore  positively  accepting 
it.  It  the  I'enn.sylvania  Kailroatl  C\)mpany  and  Dr.  Du«lley  will,  :ls 
we  hoi)e,  continue  their  re.Marches  on  steel  rails,  mtt  only  for  their 
own  benefit,  but  also  for  the  g(»iHl  ot"  mankind,  I  would  vi  niure  to 
suggi'st  that,  instead  of  repi-ating  lor  the  third  time  the>e  co-tly  and 
elaborate,  not   to  s;iy  tt-dious  expiriments,  tiny  should  lay  a  thous;ind 
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tons  of  soft  rails,  made  to  Dr.  Dudley's  formula  and  proposed  physi- 
cal test,  and  also,  on  the  same  line  of  road  opposite,  another  thousand 
tons  of  hard  rails,  with  the  ordinary  chemical  composition,  inspected 
as  I  have  described,  so  as  to  compare  the  results  of  wear,  with  the 
view  of  proving  which  is  the  best.  This  would  cost  little  or  nothing, 
and  after  all  be  more  convincing  than  any  experiments,  however  care- 
fully made,  on  single  bars,  such  as  those  now  executed  with  so  much 
care.  The  only  drawback  to  my  suggestion  is  the  time  it  would 
require  for  the  comparison,  this  time  depending  upon  the  amount  of 
traffic  on  the  line  where  they  are  put  down.  Meanwhile  some  approx- 
imate results  from  single  rails  could  be  obtained,  as  to  the  wearing 
resistance  of  soft  and  hard  rails,  and  tlie  hardness  derived  either  from 
carbon,  phosphorus  or  silicon,  if  a  locomotive  engine  were  placed  on 
such  experimental  rails,  one  being  soft  and  one  hard  ;  it  should  have 
its  driving-wheels  sliding  on  the  same  spot,  water  and  sand  being 
applied,  and  the  cutting  or  wear  in  the  two  rail-heads  could  be  meas- 
ured, or  the  reduction  of  weight  ascertained.  This  mode  would  have 
the  advantage  of  giving  results  in  a  day  or  two,  but  I- admit  that  it 
would  be  but  a  crude  test  of  single  bars. 

Ten  years  ago  a  paper  was  read  at  the  Institution  of  Civil  Engi- 
neers by  a  Mr.  Price,  of  Dublin,  on  a  rail-testing  machine  very  much 
like  a  turn-table,  which  was  turned  round  on  experimental  rails 
with  high  velocity,  in  order  to  ascertain  the  resistance  against  wear 
for  rolling  weight;  but  this  machine  never  came  to  work,  at  least  not 
in  London,  where  it  was  meant  to  establish  it  as  a  public  testing- 
machine  for  rails.  The  best  testing-machine  is  now  the  underground 
railway,  where  steel  rails  of  a  very  heavy  bull-headed  section  last 
but  a  few  years ;  but  it  is  doubtful  whether  the  engineers  in  charge 
Avould  allow  it  to  be  used  for  experiments,  at  least  they  have  not 
done  so  yet.  The  best  authority  on  this  subject  is  Mr.  R.  Price 
Williams,  M.I.C.E.,  who  has  read  several  papers,  and  collected 
data  and  statistics  on  the  wearino;  resistance  of  the  rails  on  Eng-lish 
railways. 

In  the  address  to  the  meeting  of  the  Iron  and  Steel  Institute, 
which  has  been  just  held  in  London,  the  President,  Mr.  J.  T.  Smith, 
of  Barrow,  quotes  INIr.  Price  Williams'  experience  of  steel  rails  last- 
ing nine  times  as  long  as  iron  rails,  but  adds  that  this  is  probably 
more  often  the  exception  than  the  rule ;  and  the  past  President,  Mr.  . 
Menelaus,  thinks  the  endurance  to  be  only  three  times  that  of  iron 
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rails.  I  have  of  late  yoars  ail«)j>to<l  six  tiriio>,  Ijiit  siino  tin.'  price  of 
steel  rails  became  reduced  to  that  of  iron  no  calculations  are  needed 
to  show  their  preference.  It  is,  liowever,  certain  that  those  steel 
rails  from  which  such  excellent  results  were  obtained  at  first,  say 
ten  years  a<;o,  were  made  harder  than  they  are  now,  and  this  seems 
rather  to  oppose  Dr.  Dudley's  new  theory  that  the  soitr-st  rail  lasts  the 
Jonj^est. 

An  alteration  ot'  im|)oitaii<-e  in  the  second  j)ap(r  is  that  tiu-  Doctor 
in  his  thinl  test  has  adopted  the  use  of  croj)  etuis,  althou^^h  he  still 
adheres  to  bendinj^  tests  instead  of  drop  tests  for  the  sake  of  securing; 
u  soft  material.  J>ut  the  drop  test  would  also  secure  a  soft  material 
if  prescribed  to  a  minimum  deflection  for  a  certain  blow  j^ivew  ;  and 
tit  the  same  time  it  is  a  criterion  of  safety.  I  have  statttl  that  its  an 
ettect  of  my  standard  dn>p  ttsts  the  dcHetrtion  should  amount  to  3" 
or  4"  accordinsr  to  the  hardness  of  the  stc<'l.  I  admit  that  the  differ- 
ence in  the  foundation,  as  to  solidity,  might  be  misleading,  but,  at  anv 
rate  it  is  gootl  enough  for  comparative  tests  made  in  the  sjinie  place 
and  for  the  siune  secti<in  ;  besides  it  has  the  a<lvantage  over  the  pro- 
])osed  mode  of  cutting  out  the  test-j)iece  from  the  rail  and  bending  in 
the  machine,  a  test  which  is  too  slow  and  costly  to  lx»  used  dailv  in 
practice. 

With  a  view  of  securing  -'lii  material  for  rails  the  ba-ic  ppK-ess 
comes  in  most  beautifully;  by  this  jtrin-ess  thev  can  i)e  made  as  soft 
as  lead  and  with  only  a  tnice  of  silicon,  and  >till  the  in^^ots  are  made 
solid,  noddubt  for  the  n-a-on  that  the  basic  steel  is  ca<t  so  nnich  hotter 
than  the  Bessemer. 

In  fact,  the  diftieulty  by  this  process  wa-<  at  first  to  make  steel  of 
ordinary  hardness  ;  but  now,  since  hematite  pig  is  adde<l  inst<ad  of 
Spiegel,  steel  of  any  degree  of  hardness  c:ui  be  pro<lucc«l.  Indei><l  I 
am  just  now  inspecting  blooms  made  by  this  pr«M'ess,  and  judgin*' 
from  several  analyses  made,  I  have  fouutl  the  average  contents  as 
follows:  silicon  only  a  trace,  carl M)n,  average,  0-3.".,  maniranese  0'3'), 
and  |)hosphunis  OOS.  Such  nuls,  tC'>ttHl  to  my  standard  drop  test, 
show  a  defi(>ction  of  alM)tu  o  inclu^,  which  indii^ites  more  stiftuess 
than  ordinary  mil  >teel  made  by  the  Hessemcr  pnHi'ss.  The  s;ifctv 
from  l)rejdvage  S(H'ure<l  by  the  soft  metal  is  tlecidetilv  an  advantaire 
to  the  engineer,  but  not  exactly  so  to  the  niilmaker,  siiuv  the  softer 
metal  neces«i:irily  gives  more  cnicks  and  wasters  thiui  steel  of  nuxliutu 
Jiardness. 
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Having  been  the  in.spector  to  the  Swedi.sli  government  railways  for 
the  last  twenty  years,  I  have  been  naturally  anxious  to  secure  to  them 
a  rail  which  should  be  safe  against  their  rigorous  climate,  and  fearing- 
that  the  so-called  phosphor-steel  would  break,  I  made,  at  the  Panteg^ 
Works,  in  South  Wales,  six  years  ago,  some  special  phosphor-steel 
rails  (about  one  hundred  rails,  Avith  the  amount  of  0"25  per  cent, 
phosphorus,  but  low  in  carbon  and  silicon),  and  tested  them  to  my 
standard  drop  test. 

These  rails  have  been  down  at  Stockholm  on  a  siding  ever  since ; 
none  of  them  have  broken,  although  the  cold  sometimes  reaches  minus 
30°F.  I  can  also  give  the  experience  from  the  Swedish  state  rail- 
ways of  other  rails,  with  a  composition  of  carbon,  average,  0*20  to 
0-30  per  cent.,  phosphorus  O'OG  to  0-12  and  silicon  000  to  0*30  per 
cent.  Out  of  35,000  only  four  rails  broke  during  the  winter  of  1880, 
and  these  breakages  might  be  equally  well  caused  by  mechanical  force 
as  by  the  chemical  composition.  However,  it  is  of  cour.se  .safer  for 
cold  climates  to  have  as  little  phosphorus  as  possible  in  the  rails,  and 
to  secure  hardness  by  the  presence  of  carbon. 

The  results  just  given  show  how  wide  a  variation  in  the  compo- 
sition can  be  tolerated,  even  for  rails  exposed  to  a  most  rigorous 
climate.  I  think  we  ought  to  be  indebted  to  Dr.  Dudley  for  having 
raised  the  question  of  chemical  composition,  for  the  more  we  go  into 
the  matter  the  more  our  views  will  be  widened,  and  we  shall  be  dis- 
posed to  grant  more  liberal  variations  in  the  impurities  than  we 
should  have  done  if  we  had  not  analyzed  the  metal.  Before  chem- 
istry has  enlightened  our  views,  there  will  naturally  be  errors  com- 
mitted from  "  trop  cle  zele  "  on  the  part  of  the  engineers.  For  instance,. 
an  eminent  engineer,  not  long  ago,  rejected  some  steel  rails  because 
they  contained  0*15  per  cent,  of  silicon,  although  they  were  faultless 
in  all  resj)ects. 

Another  question  arises  as  to  the  wearing  resistance  and  hardness 
derived  from  carbon  alone,  compared  with  that  from  pho.splioru.s, 
silicon  or  manganese,  carbon  being,  in  the.se  cases,  at  a  minimum. 
Whether  the  wearing  resistance  is  the  same  or  not,  we  know  that 
safety  is  best  secured  by  the  carbon  hardness,  and  by  a  minimum 
.amount  of  the  other  impurities,  particularly  in  countries  with  cold 
climates.  However,  in  other  countries  with  mild  climates,  and  where 
the  ores  are  impure  with  phosphorus,  millions  of  tons  of  rails  have 
been  made,  and  laid  down  on  the  track,  which  seem  to  answer  well,, 
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botli  Jis  to  safety  and  woar,  altli<»ii^li  tlio  carlum  must  he  low,  with  a 
mther  liigli  jn'oportion  of*  phosphorus.  Siucf,  hy  the  discovery  <tf"  tlie 
basic  proce.«s,  the  pho.sphoiHi.s  can  he  eliniiuatod  and  tlie  carlxui  a(hle<l 
by  usinp;  pure  lieinatite  |)i<::  instead  of  sj>i('<rcl  after  the  l)low,  there  is 
an  ojK'nin^:  even  for  the  countries  with  hard  climate,  and  with  im|)ure 
ore,  to  proihicc  <ro(Kl  rail  sttn-l  with  a  minimunj  <»f  phospln»rus,  and 
with  harchiess  resuhini:-  from  carl)()n,  just  as  if  the  >tM'l  had  bwn  nia«le 
orijiinallv  from  |)in'e  ores.  I  should  also  remark  that  thr  amount  of 
niau<i;auese — ()".'5o — jxivi'ii  accordin;^  to  Dr.  Dudley,  mit^ht  well  he 
doubled  as  a  means  of  lesseninu-  the  other  "deadly  sins  of  impurities" 
— to  use  Dr.  iSiemen.s'  expression — and  also  in  order  t<»  laeilitate  roll- 
inj;  into  clean  rails. 

I  would  siuu  u|)  Mi\-  remarks  on  1  >i-.  Dudley's  j»aper  by  .siyinix 
that,  while  I  (li.sieree  with  his  tests,  both  chemicjd  and  |thysic:d.  I 
n<'vertheless  a<i:ree  with  him  in  the  aj>|)lication  of  chemistry  to  steel 
inspection;  hut  it  nnist  be  Wi^vA  only  in  a  praetical  way;  and  if  J 
have,  in  m\  |»a|ter  read  belore  this  Institute,  shown  any  decided  pre- 
ference for  mechanical  tests,  it  is  simply  because  they  have,  tiudei* 
ordinary  circumstances,  done  i;ootl  service,  and  proved  ipiite  sntHcient 
in  ])raeticc.  1  have  also  .siud,  "Let  tiie  chemist  help  us,  but  not  be 
our  dictator."  For  my  own  |>art,  I  apply  ehemicid  ct»nd)ine<l  with 
mechanical  tests,  and  I  have  in  that  way  even  carrie<l  out  inspection 
under  ])r.  Dudley's  specification  where  niilway  coiuj)anies  insiste<l 
uptMi  ado|»tiii^  it.  M(H-hanical  tests  come  first,  and  the  drop  test  to 
my  standard  is  insisted  upou  for  both  rails  and  blooms  (.simple  bhioms 
arc  rolled  into  rails  for  the  |)ur|)osc  of  bein;:-  tcste<l)  ;  borin<;-  are  then 
taUeii  tVom  the  steel  aetuallv  tested  mechanicaliv,  and  sem  to  my 
laboratorv,  whert-  the  (arlmii,  pli(»phorus,  sdicou  and  manj^ane.-c  are 
determined. 

llowevei",  I  do  not  think  it  advi>abK'  to  pulili>h  anv  partieular 
ft)rmula,  or  maxinunn  and  minimum  of  composition,  Ixiiiu.-^'  we  arc 
really  not  yet  in  a  j»o>itiou  >ullieiently  assured  to  do  s<».  I  think  the 
fii*st  ste[)  in  introdueiuiL:;  chemistry  into  rail  autl  blcMnn  insiH-i-tion  is 
to  institute  a  combination  and  t-oiupari-^on  between  chemical  an<I 
mechanical  tests.  AlU-r  sutlicient  experieuiv  and  n-liable  data  have 
been  obtaine«l  the  time  will  have  an"i\cd  when  exact  formula*  mav 
be  established. 

In  the  inspection  t>t"  rail>  1  onlv  analv/.c  when  the  me<'hani«-;»l 
test    gives    anv  extraordinarv   results.      \\\  for    instantv,  a    rail    has- 
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broken  under  the  falling  test,  if  it  has  broken  on  the  road  under 
service,  if  it  bends  diiferently,  showing  different  degrees  of  hardness, 
then  the  chemical  analyses  are  of  interest,  and  may  be  of  service. 
After  all,  however,  it  is  only  a  large  number  of  trials  that  should 
count,  and  no  decided  judgment  should  be  formed  from  single  obser- 
vations. Chemistry  has  been  very  useful  to  the  maker,  and  may  be 
equally  so  to  the  engineer  when  properly  applied;  but  no  positive 
deductions  should  be  made  except  after  large  and  varied  experience 
and  experiments. 

I  think  I  have  shown  that,  as  a  professional  inspector,  I  have,  at 
any  rate,  done  my  part  towards  introducing  chemistry  into  my  prac- 
tice wherever  railway  companies  and  my  clients  specify  such  tests. 
For  their  own  sakes,  as  well  as  for  the  solution  of  many  questions  now 
under  discussion,  it  is  to  be  hoped  that  purchasers,  without  specifying 
too  much,  will  rather  proceed  by  degrees  to  adopt  chemical  inspec- 
tion of  their  rails  and  blooms,  in  order  to  avoid  too  great  conflict. 
The  engineers  should  never  lose  sight  of  the  fact  that  the  solution  of 
such  a  question  as  this  would  be  arrived  at  much  more  safely,  and 
much  better,  with  the  assistance  of  the  makers,  and  therefore  it  is  not 
expedient  to  vexatiously  o])pose  them.  On  the  other  hand,  the  makers 
should  bear  in  mind  that  they  cannot  have  it  all  their  own  way,  and  I 
may  safely  say  that  they  have  not  got  it  in  Europe. 

I  agree,  without  reservation,  with  the  views  Avhich  my  friend,  ]Mr, 
A.  L.  Holley  has  expressed  in  his  paper  on  "  Rail  Patterns " ; 
and  I  can  prove,  by  the  contents  of  my  circulars,  and  by  the  cor- 
respondence in  technical  papers,  which  has  from  time  to  time  taken 
place,  that  the  opinions  I  held  when  I  took  up  the  question  of 
standard  or  normal  patterns  have  remained  unchanged,  and  are 
identical  with  those  referred  to  above.  It  is,  however,  evident  that 
■occasional  remarks  on  the  subject,  published  here  and  there  in 
various  ways,  are  not  so  valuable  and  serviceable  a^  Avhen  collected 
and  issued  in  a  complete  and  concise  form,  and  it  is  such  a  work  of 
reference  on  the  subject  of  rail  patterns  that  is  now  available  in  Mr. 
Hoi  ley's  paper. 

Rail  making  is  a  comparatively  new  branch  of  the  iron  and  steel 
industry,  yet  it  is  of  great  importance,  and  railmakei's  have  every 
inducement  to  improve  their  machinery,  so  that  in  course  of  time  more 
difficult  sections  will  be  rolled  with  ease,  until  ultimately,  perhaps,  a 
thinness  will  be  obtained  comparable  to  a  spider's  web. 
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On  the  otlicr  hand,  ju~t  to  show  that  there  is  some  "ImmIv"  rfy|iiin<l 
even  for  tlie  flan;;,,  aiid  wel)  of"  the;  rail  to  resist  the  wear  and  tear  at 
the  joint,  particuhirly  if  it  is  loose,  I  inclose  a  lithft^raph  drawing  of 
a  steel  rail  after  eight  yeai"s'  service  on  one  of  the  best  maintained  rail- 
ways in  Germany.     (See  accompanying  cuts.) 


Kud  View. 


But  it  noccs.<5arily  follows  that,  with   this  progression,  normal  forms 
and  patterns  will  only  he  retaiiie«l  as  standards  for  ixTJods  of  greater 
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or  less  duration ;  and  it  will  become  a  question  for  the  consideration 
of  the  railway  engineer  whether  it  would  be  more  advisable  to 
retain  and  alter  what  he  has,  or  to  put  up  with  the  inconvenience 


Section  bevond  the  second  bolt-liole. 


of  keeping  several  patterns  and  having  new  fish-plates.  In  the  con- 
struction of  new  lines  one  can  choose  the  most  modern  and  econom- 
ical section,  only  limited  by  the  price  at  which  it  can  be  obtained. 
Under  these  circumstances,  it  is  evident  that  no  patterns  will  be  uni- 
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vcrsally  adopted  forever,  iiot\vit]i.'^taiidiii<^  tli(,'  va.st  amount  \vlii<-li 
would  l)e  saved  if  they  couM  possihly  he  <lefiuitely  fi.\e<l.  It  is 
curiou.s  to  remark  that  thf  vi-ry  man  wlio  now  )iroj)o.se.s  to  finally 
,settl(!  uj)oii  a  standard  is,  j)r«»i)al)ly,  the  (»iie  who  hv  his  irenius,  aide<l 
hy  the  immense  resources  of  the  I'nitcd  ."States,  will  j)rodu<'e  more 
<le.«irable  pattern.s  and  sections  than  those  which  he  would  now  like 
to  make  ])ermanent,  :i.nd  thus  l)i-in<r  ahont  the  chani^es  which  he  now 
deprecates. 

I  willingly  admit  that,  considering  the  j)resent  .stage  of  excellence 
to  which  mil  making  ha.s  attained,  my  pattern  apjwars  "dumsv" 
alongside  of  the  more  diHicult  one  of  ^[r.  ir<»llev's.  In  1S70  I  first 
«l(!signcd  my  pattern  in  ai-coi-dance  with  what  Knglish  railmakcrs  coidd 
then  ]»ro(ln((',  and  with  the  end  in  view  that  no  extra  cost  was  to  he 
incurred  in  manufacture.  In  IST-S  I  found  that  the  mills  were  so  far 
advanced  that  there  wa-s  a  de<i(led  call  for  a  .second  series  of  patterns, 
and  it  wa.s  not  to  be  expected  that  either  of  these  .series  .should  he  e<iual 
to  the  Holley  pattern,  recently  designed,  with  respect  to  the  flanges 
and  wel).  The  diflerence  is  merely  an  illustration  of  the  protrrcss 
which  has  meanwhile  heen  made. 

Mr.  Ilolley's  new  patterns  are  producinl  after  the  vast  experience 
gained  hy  him  in  his  visits  to  railmakcrs  in  Europe  for  newlv 
(h'signed  and  constructed  works  in  America.  It  may  be  remarked 
here  that  the  European  milU  have  much  improved  of  late.  New 
mills  have  heen  laid  out  in  Eui^laud,  nartlv  on  the  reversinir  svstem. 
and  on  the  Continent  the  iniprovement  is  marked  hv  the  use  of  thre«' 
high  rolls. 

With  reference  to  Mr.  A.  Welch's  remark  and  al-o  Mr.  Hart's 
letter,  al)out  the  first  original  se<'tion  for  steel  rails  designed  as  carlv 
as  iSOf),  I  wish  to  assure  both  these  gentlemen  that  I  had  not  seen 
the  |)atterns  when  I  tlesigntnl  mine,  and  even  if  I  hail,  I  -Imnld  not 
havi'  then  dared  to  put  it  forth  as  a  standanl  for  English  railmakers  ; 
and  the  soundness  of  my  opinion  has  a  simple  hut  coiu-Iusive  pr«M>f 
in  the  stntement  made  concerning  the  extra  price  which  was  at  that 
time  re(piired  for  their  production.  I  iuhkI  not  sjiv  that  I  hiijhlv 
approve  of  the  original  Welch  sei'tion,  for  it  is  in  principle  similar 
to  the  design  which  I  made  fifteen  years  sul)se<pientlv  ;  and  from  a 
professional  point  of  view  I  woidd  fully  conccnle  to  Mr.  Welch  the 
orcilit  oi'  first  designing  the  modern  steid  rail  se«-tion.  From  a  ct)m- 
mercial,  matter  of  fact  and  pnictiral  point  of  view,  he  was,  however, 


350  Steel  Roils.  [Jour.  Frank.  Inst, 

before  his  time  by  so  many  years ;  or,  to  put  it  in  another  way,  rail 
making  was  ten  years  behind  its  time  when  the  new  metal  steel  was 
first  introduced  for  rails. 

If  his  design  has  been  incorrectly  identified  with  my  name  (as  the 
sections  are  similar  in  principle,  though  they  diifer  in  thickness  of 
flange  and  web),  I  beg  to  say  (1st)  that  I  much  regret  the  misunder- 
standing which  has  so  arisen  through  no  fault  of  mine,  and  (2d)  that 
no  confusion  has  been  intentionally  created  by  me. 

It  is  a  pity  that  the  section  designed  so  long  ago  has  not  been  before 
made  public,  as  it  would  make  a  really  good  standard  pattern,  and 
even  now  quite  equal  to  j^resent  requirements. 

In  conclusion,  I  wish  to  say  that  I  have  never  desired  to  claim  any 
invention  or  novelty  by  the  publication  of  my  sections ;  they  were 
put  forth  as  being  such  as  English  railmakers  could  and  would  pro- 
duce at  the  ordinary  market  price,  and  as  being  the  best  and  most  suit- 
able to  be  so  obtained.  Had  Mr.  Welch  or  Mr.  Holley  put  forward 
theirs  ten  or  fifteen  years  ago,  I  would  have  been  the  first  to  recom- 
mend them.  In  fact,  I  should  have  been  glad  to  see  their  names  asso- 
ciated with  rail  patterns  in  their  own  country,  in  the  same  way  as  mine 
has  been. 

Prof.  Rich.  Akerman,  Stockholm,  Sweden  :*  I  agree  with  your 
(Mr.  Saudberg's)  views,  that  it  is  too  early  yet  to  stipulate  only  one 
certain  chemical  composition  in  the  rails.  Such  a  stipulation,  I  think, 
might  be  justified,  if  it  was  not  for  the  manganese;  but  this  metal 
changes  the  projjerties  of  the  iron  and  steel  in  the  same  direction  as 
carbon,  silicon  and  phosphorus,  by  increasing  its  tensile  strength,  stiff- 
ness, hardness  and  brittleness.  If  the  iron  and  steel  does  not  only 
contain  carbon  and  manganese,  but  also  phosphorus,  silicon  and  sul- 
phur, I  think  everybody  will  agree  that  the  manganese,  to  a  great 
extent,  can  neutralize  not  only  the  effect  to  red-shortness,  caused  by 
the  sulphur,  but  also  the  tendency  of  the  iron  or  steel  to  become  burnt 
or  brittle,  caused  by  the  phosphorus  and  silicon.  Thus  brittleness  can 
be  as  well  increased  as  decreased  by  the  presence  of  manganese,  and  I, 
therefore,  consider  that,  however  necessary  analyses  now  and  then  may 
be,  in  order  to  enlighten  us  and  to  explain  exceptional  cases,  yet  they 
are  not  convenient  as  practical  tests  upon  rails,  especially  as  the  pro- 
perties of  the  rails  not  only  depend   on  the  chemical  composition  of 

*  From  a  letter  to  Mr.  Sandberg. 
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tlic  iron  or  steel,  but  to  a  j^n-at  c.vtoiit  al.-o  ii|»oii  the  .^oiiiuliu-.-s  of  tlie 
in<;ot.s  and  the  mode  of  iiiaiiuracturc. 

Still  less  iieoe.ssiry  than  analy.«^<s  I  regard  the  (irini;iii  -\-i>rii  of 
controllin;;  the  rails  hy  researches  on  e«»ntraelion  of  area.  I  do  not 
(•oM>ider  either  the  eloiiir.illon  or  the  <'on(raetioii  uf  area,  in  fi-a<iurin^ 
sani|)les,  to  test  tensile  strength  to  <rive  a  correct  idea  of  the  tou>_di- 
ness  of  iron  or  steel.  On  the  contrary,  I  re;;ard  the  fallinj;  te.-t, 
|iiii|K  riy  Carrie*!  oiii,  to  he  niiuh  Wetter  in  this  respcf-t  and  to  i;ive  a 
l^reater  safety  aj^ainst  i)reaka}i;e  than  the  coininon  te^ts  on  tensile 
strength. 

|)i;.  IJ.  \\  .  Iv.vv.MoNi),  New  York  :  It  occurred  to  ine  after  the  pn- 
xiilation  ol  Dr.  J)ndley's  interesting  j)aper  on  this  suhject,  and  after 
the  discussion  to  \vhi<-h  it  gave  ri.se,  that  the  important  data  he  had 
collected  might  he  ma<le,  hy  snitahle  mathematical  treatnu-nt,  to  vield 
moie  signilicant  indications  than  had  yet  heen  obtained  fnun  them, 
it  is  true  that  Mr.  Clond  has  <liseu.-se<l  hy  the  method  of  least 
squares,  the  results  .set  forth  in  1  )r.  Dudley's  former  j)a|M.r,  on  the 
ItreaUage  of  rails.  JJiit  the  breakage  of  a  rail  is,  I  think,  far  more 
likely  to  be  due  to  mechanical  or  an-idcntal  (not  chemic:il)  condition.-^ 
than  the  loss  of  metal  by  wear.  For  this  rea>^on  1  should  attach  le>s 
importance  to  the  data,  and  place  less  reliance  in  their  di.scussi(»n. 
Moreover,  the  number  of  ob.servations  in  the  pap«-r  referral  to  w:ls 
i-elatively  small  —  too  small  to  pt'rmit  the  method  of  h-a.^t  s<piares 
to  give  trustworthy  results.  l"'iually  .Mr.  ("loud  correlate<l  the  chem- 
ical constitution  with  certain  physical  te.-<ts,  not  direetlv  exj)re.ssive 
of  the  resistance  of  the  rail  to  breakage.  In  the  ausc  before  us  we 
have  sixty-four  ob.scrvation,s,  and  they  dirwtly  connect  cvrtain  chem- 
ic:d  proportions  with  a  definite  physit-al  result  of  experien«v,  namelv, 
the  I0.S.S  of  metal  by  wear.  I  think,  theretbre,  that  this  ra.se  pre.sent.<i 
a  better  opj)ortunity  for  such  a  mathematital  discu-sion  as  will  test, 
to  some  e.xtent,  the  a>-umption>  underlying  1  )r.  Du<llev's  con- 
elusions. 

These  a.ssumpt ions  are  :  that  the  loss  of  metal  per  million  ton.>  of 
trallic  de|»euds,  first  ujton  the  circumstance  under  which  the  mil  is 
worn;  .secondly,  upon  the  proportions  of  its  various  I'vmstituents,  and 
that  the  amount  of  lo.ss  is  atlectetl  by  each  i^uistituent  in  a  <vrtaia 
ratio,  so  that  if  the  circumstances  weiv  the  .same  for  all  the  rails,  the 
wear  per  million  tons   might  be  approximati-ly  expi\*s.se<l  bv  an   e«pia- 
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tion  of  the  form  I-{-CG-\-Pp-\-Ss-\-Mm=R,  in  wliich  J  is  an  unkown 
value,  depending  on  the  quantity  of  iron  (and  other  ingredients  not 
determined)  in  the  rail,  and  assumed  to  be  constant  for  all  the  rails; 
c,  p,  s  and  m  are  the  experimentally  determined  quantities  of  carbon, 
phosphorus,  sulphur  and  manganese,  as  tabulated  in  Plates  VI  and 
VII  of  Dr.  Dudley's  paper;  and  JR  is  the  experimentally  determined 
^vear  per  million  tons;  while  C,  P,  S  and  Mare  unknown  coefficients. 
In  other  words,  it  is  assumed  that  the  difference  in  wear  is  propor- 
tional to  a  difference  in  c,  ^9,  s  or  m,  and  that  the  effects  of  a  change 
in  the  amount  of  either  are  independent  of  the  amount  of  the  rest — 
"within  the  experimental  limits  of  the  problem. 

It  is  also  assumed  that  sulphur,  copper  and  other  ingredients,  not 
•determined,  are  equally  present  in  all  the  rails,  or  at  least  do  not  affect 
the  wear,  since  J  is  taken  as  constant. 

Dr.  Dudley  tacitly  assumes  the  coefficients  C,  P,  S  and  31  to  bo 
positive ;  and  assigns  certain  values  to  them,  by  means  of  which  he 
reduces  the  equation   to   the    form  /  +  ^^  =  ^>  ^    being  equal  to 

— — — — — '■ — — — L,  or  the  number  of  so-called  phosphorus  units  in 

the  rail. 

But  we  do  not  have  R  directly  given  under  constant  circumstances. 
The  varying  weights  (per  engine,  car  or  train)  and  the  varying  speeds 
we  must  neglect  for  lack  of  data,  and  assume  that  in  these  respects 
the  rails  examined  have  been  treated  substantially  alike.  But  there 
remain  the  varying  conditions  as  to  track,  which  must  be  eliminated. 
Dr.  Dudley  gives  six  classes,  four  of  which  contain  8  rails  each,  and 
two  16  rails  each.  Beginning  with  the  first  (tangent  grade),  we  take 
the  mean  of  tlie  figures  expressing  wear  for  that  class ;  and  continu- 
ing this  process  through  the  other  five,  we  obtain  six  expressions  in 
quantity  of  loss  by  wear,  which  we  assume  to  represent,  in  their  dif- 
ferences, the  varying  conditions  of  the  track,  with  respect  to  grade 
and  direction.  We  now  take  the  mean  of  these  means  (giving 
double  weight  to  the  groups  containing  16  observations).  This  gen- 
eral mean  is  the  loss  of  metal  per  million  tons  of  traffic  for  a  rail  of 
average  constitution  under  mean  circumstances.  The  difference 
between  it  and  the  mean  for  any  one  group  is  a  constant  correction  to 
be  applied  to  the  tabular  wear  of  each  rail  in  that  group,  to  obtain 
what  may  be  called  the  reduced  loss  for  that  rail ;  that  is  to  say,  an 
expression  for   the   loss  per  million  tons  of  traffic  which   that  rail 
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would  have  shown,  had  it  hocii  worn  iindor  averaj^e  circum.stances. 
For  C'xamj)le  (the  tahuhir  nuinhers  bcii)jr  iuulti|)lie<l  by  1000,  to  get 
rid  of  long  decimals),  the  genenil  mean  of  loss  is  76*7;  the  mean 
for  the  tangent-grade  group  is  70*1;  the  correction  is  4-6'6;  the 
experimentally  determined  loss  of  rail  .SM7  (iA'  that  group)  is  38'6  ; 
and  tlu!  reduced  lo.s>^,  4o'2. 

I  had  at  first  intended  to  do  with  the  units  of  wear  what  Dr.  I>ud- 
Jey  did  with  his  c'licmir-al  units — reduce  them  all  to  one  actual  group. 
As  he  obtained  ])hosphorus  units,  so  wc  might  ol>tain  tangent-gra<le, 
or  gnidc-curve  or  level-curve  units.  But  the  reduction  to  an  ideal 
iiverage  luiit  of  wear  is  j)referable,  ;l><  giving  the  smallest  possible  ave- 
rage corrections,  and  distributing  the  errors  involved  in  the  corrc<-t ions 
luiiformly  over  all  the  observed  case<,  instead  of  concentrating  them 
•on  a  part.  I  am  indebted  for  this  suggestion,  and  for  the  larger  part 
of  the  voluminous  calculations  re(juircd  in  the  details  of  the  w<»rk,  to 
a  mathematical  friend,  without  who.se  aid  I  shoiild  scarcely  have  been 
able,  in  the  .scanty  intervals  <if  other  absorbing  ocouj)ations,  to  solve 
the  problem,  even  after  stating  it. 

It  is,  however,  simple  enough,  though  very  te<lious.  From  the 
64  given  cases,  we  form  G4  equations  of  condition,  of  the  form 
I -\- Cc -\- Pp -\- Ss -\- Mm  =  li/\\\  which  the  ditlerent  .symbols  have 
the  .same  meaning  as  before,  except  that  /*  is  the  re<luee<l  loss  by  wear, 
as  already  explaineil. 

These  G4  ad<liti(Mial  equations  are  now,  by  the  method  of  least 
S([uares,  reduced  to  5  normal  e<)uations,  containing  the  five  unknown 
quantities,  /,  C\  P,  *S'  and  J/.  The  solution  of  these  e<piations  will 
give  us  the  most  probable  values  for  /,  C,  P,  JS  and  J/  which  the 
equations  of  condition  can  yield. 

I  do  not  intend  at  this  time  lo  publi.-.h  the  details  of  the  c:deulation. 
If  time  permits,  there  are  other  :us«<innptions  which  I  should  like  to 
iiitrodiicc  into  the  discu.ssion,  to  test  the  results  already  obtaine*!.  It 
Avould  be  interesting,  for  instance,  to  i*ejK^it  the  whole  pnx-cs.-  with 
e(|uation.s  of  the  form  I  -  Cc>iPpxS8XMui=  li. 

At  all  eveut.-^  I  am  not  now  prepared  to  present  the  figures  of  the 
calculation,  in  which,  though  the  e<piations  have  been  .»^)lvwl,  the 
probable  errors  of  the  .solutions  have  not  yet  all  l)een  determine*!. 
But  I  am  able  to  say  that  Dr.  Dudley's  own  data  and  assumptions, 
tlius  treate<l,  show  the  coefficient  of  silicon  to  be  neg;itive,  aiid  that 
of  mangtmese  to  Iw  praetic:dly  zero.  In  other  wonls,  the  silicon. 
Whole  No.  Vol.  CXII. — ^Third  Series,  Vol.  lixxii.)  23 
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though  a  "  hardener,"  does  not,  like  carbon  and  phosphorus^  increase,, 
within  the  limits  of  these  tests,  the  loss  of  metal  by  wear ;  on  the 
contrary,  it  increases  the  wearing  capacity.  And  manganese  seems 
to  be  neutral  in  that  respect,  behaving  like  so  much  iron.  These 
two  metals  play,  then,  a  very  different  part  from  that  assigned  to 
them  in  Br.  Dudley's  formula,  ^hich  holds  true  (and  that  with 
modified  coefficients)  for  the  non-metals,  carbon  and  phosphorus 
only. 

I  will  not  here  enlarge  upon  the  imperfections  inherent  in  the 
application  of  the  method  of  least  squares,  and  in  the  necessary 
employment  of  so  many  assumptions.  In  spite  of  them  all,  I 
believe  that  the  indications  -here  afforded  are  significant.  Cer- 
tainly the  "  phosphorus-unit "  system  must  be  abandoned,  so  far  as 
silicon  and  manganese  are  concerned ;  but  are  there  not  hints  of 
practice  pointing  in  the  same  direction,  as  the  results  of  this  mathe- 
matical inquiry,  as  to  those  two  elements?  Have  we  not  heard 
repeatedly  of  high-silicon  rails  showing  extraordinary  wear  ?  And  is 
it  not  "  important,  if  true,"  that  manganese  may  be  increased  beyond 
Dr.  Dudley's  limit,  if  it  be  otherwise  useful  or  convenient,  Avithout 
injury  to  the  wearing  capacity? 

Dr.  C.  B.  Dudley  said  that  he  had  listened  with  much  interest  ta 
the  present  discussion,  but  he  was  not  prepared  to  reply  at  the 
moment  to  all  that  had  been  said  in  criticism  of  his  paper  read  at  the 
Philadelphia  meeting.  At  a  subsequent  meeting,  after  he  had  had 
opportunity  to  carefully  examine  and  study  the  remarks  of  the  differ- 
ent contributors  to  the  discussion,  he  would  briefly  sum  up  the  case 
from  his  standpoint. 


New  Model  for  Vessels. — Prof.  Pictet  is  experimenting  with  a 
new  model  with  the  view  of  obtaining  a  great  increase  of  speed  at  sea. 
The  keel  is  so  siiaped  as  to  reduce  the  resistance  of  the  water,  and  the 
vessels,  instead  of  sinking  their  ])rows  when  the  velocity  increases, 
raise  them  so  as  to  diminish  the  friction  and  glide  over  the  water. 
He  expects  to  attain  a  speed  with  steamboats  of  more  than  30  miles 
an  hour.  A  boat  is  now  in  process  of  construction  at  Geneva,  and 
experiments  will  be  made  with  it  upon  the  lake. — Les  Mondes.     C 
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NECESSITY  OF   CLKAR   MKCHANICAL  CONCEPTIONS. 


J}y  W'lLMAM  1).  Makks, 

WliitiKv  I'ldfc'ssur  of  Dynamical  IviiL'iinaTin;.',  Univcr>ity  nf  IV-im-ylvaiiia. 


TIic  nuiiiciiclatiire  ol"  incrlKinical  conccjjtioiis  is  a  matter  ot'coimiion 
coii.si'iit,  and  nmld  soon  Ix."  reduced  to  a|>j)roxiniatC'  uniforniitv  were 
tlie  majority  of  writers  ii])iiii  nieclianics  suffieiently  painstaking;  and 
dear  in  their  use  of  terms,  and  would  they  bear  in  mind  that  a  clear 
physical  conce])tion  of  the  meaning  of  terms  used  is  of  vastly  greater 
importance  than  any  snl»se<|iient  display  of  skill  and  in<rennitv  in  the 
mathematical  manij)nlation  of  the  symholical  expn-.-sions  for  them. 

p]very  term  used  in  mechanics  should  convey  to  the  mind  a  distinct 
physical  conce[)tion,  eaj)al)le  ot"  bein^  expressed  in  intellij;iblc  language 
Avithout  recourse  to  symbolic-al  notiitiou  ;  and  until  this  fact  is  recog- 
nized and  acted  ii[)on,  mechanics  will  ever  be  a  dreade<l  study  to  those 
who  are  forced  to  take  it  up,  saving  that  small  j>roportion  of  students 
thoughtful  and  patient  enough  t<»  elaborate  their  own  conceptions  by 
careful  decomposition  and  isolation  of  the  elements  of  the  symbolic:il 
expressions  which  arc  taki-n  for  the  foinidation  stones  of  an  elaborate 
mathematical  structiu'e. 

None  who  are  engaged  in  t<'aching  can  have  failed  to  jK-rceive  the 
stupefying  effects  of  a  cimrse  of  symbolic:il  reasoning  unaccompanied 
l)y  any  attempt  to  materiali/c  the  meaning  of  the  expressions  deductHJ, 
or  have  not  noted  the  injury  of  a  naturally  clear  intellect  in  the 
attempt  to  memorize  a  nuiss  of  partially  apprehended  formula-. 

(Jreat   mathematical   ac(piin'ments   do   not   sei-m  to  l>e  an  absolute 
necessity,  since  discoveries  in  natural  philosophy  seem  to  j)oint  out  new" 
and  appropriate  mctluHls  of  tpiantitative  treatnient  rather  than  to  ren- 
der available  the  labors  of  the  pure  mathematicians. 

Our  knowK'dge  of  mathematics  d(K\s  but  enable  us  to  weigh  and 
measure  oiu*  residts.  Every  new  mtvhanictd  problem  should  first  l>e 
analyziHl  by  means  of  a  cours*^' of  abstract  rejusoning  Ix'fore  being  <pian- 
titatively  analyzed  with  the  aid  of  mathematics,  just  as  a  c:uitious 
chemist  prectnles  a  ([uantitative  analysis  by  tpialitatively  ih'termining 
the  nature  and  ingreilients  of  tlu'  substani"*'  under  consideration. 

Clear   ideas  of  the   meanings  of  nurhanical  terms  are  inn>eratively 
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required  as  a  first  condition  of  success  in  a  preliminary  analysis  of  any 
problem,  and  any  attempt  at  quantitative  analysis  will  more  probably 
lead  to  error  than  truth  unless  this  preliminary  analysis  be  complete. 

That  the  writer  may  not  appear  to  have  "  set  up  a  man  of  straw  " 
for  the  pleasure  of  demolishing  him,  he  will  instance  a  few  cases 
occurring  in  the  works  of  the  abler  writers  ujion  mechanics,  passing 
over  without  notice  the  too  apparent  evasions  and  misconceptions  of 
a  host  of  writers  of  so-called  "  elementary  mechanics." 

Prof.  Wm.  Whewell,  who  is  probably  the  clearest  writer  in  the 
English  language  upon  mechanics,  constantly  uses  the  terms  force  and 
and  pressure  interchangeably.  Pressure  refers  rather  to  force  distrib- 
uted over  a  considerable  surface,  as  in  the  case  of  water,  the  atmos- 
phere, etc. 

Prof.  Rankine  calls  the  moment  of  inertia  of  a  revolving  body  the 
weight  multiplied  by  the  square  of  the  radius  of  gyration ;  this 
expression  is  not  the  moment  of  inertia,  but  only  the  measure  of  the 
moment  of  inertia. 

Prof.  Tyndall  defines  heat  as  "  a  mode  of  motion  " ;  it  is  really  a 
form  of  work.  Possibly  this  apparent  error  is  a  wilful  misstatement, 
made  with  a  design  to  convey  to  his  readers  an  approximate  idea  of 
what  he  did  not  believe  them  capable  of  conceiving  fully.  It  cer- 
tainly is  either  an  error  or  a  concession  to  ignorance,  which  has  done 
much  harm. 

It  is  very  much  easier  to  criticize  defects  than  to  remedy  them,  and 
the  author,  in  offering  the  following  verbal  definitions,  does  not  feel 
that  he  has  made  himself  as  clear  as  he  could  have  wished  to  be. 

He  trusts,  however,  that  they  will  serve  the  purpose  of  showing 
more  clearly  the  meaning  of  the  usual  terms  of  mechanics,  and  their 
relations  to  each  other,  giving  in  the  present  form  of  successive  aphor- 
.isms  a  connected  view  of  the  whole  field  of  mechanics. 

In  order  to  be  perfectly  clear,  and  establish  a  complete  understand- 
ing between  our  readers  and  ourselves,  we  will  have  to  repeat  the  most 
elementary  ideas,  because  the  terms  having  the  more  complex  mean- 
ings will  demand  the  most  precise  accord  as  to  the  meaning  of  the  ele- 
mentary terms  to  which  they  will  be  reduced.  We  may,  then,  be 
pardoned  for  the  repetition  of  definitions  with  which  all  are  assumed 
to  be  familiar. 

Dynamics   may  be   separated    into    two   studies — kinematics   and 
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stati(.*s.  AVlicii  flicse  two  an-  considered  in  c<»njunction  we  have 
dynamic.^. 

The  careful  isolation  of  these  two  i)ranehes  of  dynamics,  and  their 
separate  study,  will  ad<l  niueh  to  the  power  of  apprehension  of  the 
student  when  he  comes  to  consider  them  conjointly. 

Kinematics  evades  all  qu<stions  of  force,  and  in  it  we  confine  our- 
selves entirely  to  the  consideration  of  the  path,  v<loeity  and  direction 
of  motion. 

Motion  can  best  he  defined  as  a  change  of  |)osition,  and  in  many 
cases  the  velocity  of  this  change  is  a  matter  of  inditt'erence,  so  that  the 
path  and  direction  of  motion  oidy  receive  our  considei'ation.  If  velo- 
city is  taken  into  (••msideration  we  introduce  the  element  of  time,  since 
the  velocity  of  a  point  is  the  distance  which  is  [or  would  he  if  the 
velocity  w:ls  const;mt]  passed  over  in  whatever  unit  of  time  is  used  ils 
a  standard.     One  second  is  the  usual  standard. 

We  can  then  say  in  uniform  motion  the  space  describe<l  in  any  time 
\%  equal  to  the  pnKluct  of  the  velocity  and  the  time. 

When  the  velocity  is  not  constant  it  cjui  no  longer  l)e  mwusuretl 
by  the  quotient  of  the  space  by  the  time,  since  these  qu(>tients  will 
be  different  for  different  pericxls,  and  in  varialde  velocities  we  mea- 
sure the  velocity,  at  any  instant,  by  the  space  which  would  have 
been  passeil  over  in  the  succeedimr  second  had  the  velocity  been 
rendered  constant  at  that  instant. 

Angular  velocity,  which  is  use«l  to  com|)are  the  spceils  of  rota- 
tion of  bodies  around  their  axes,  can  also  be  constant  or  variable; 
it  is  the  velocity,  in  a  <'ircular  j)ath,  of  a  j)oint  which  is  at  a  radial 
distance  equal  to  unity  from  the  axis  of  rotation  of  any  rotating 
b(xly  ;  or,  if  the  axis  dtx's  not  pa.ss  through  the  Ixnly,  it  is  the  velo- 
city, in  a  circular  i)ath,  of  a  |)oint  situated  at  a  distan<'e  from  the 
axis  e(|ual  to  unit\ ,  and  in  a  an  assume<l  line  j(»ining  the  axis  and 
the  body  revolving  around  it.  It  can  always  be  obtainiHl  by  divid- 
ing the  curvilinear  vehnity  of  any  point  in  a  nUating  oi-  r.  vdving 
body  by  its  radial  ilistance  from  the  axis. 

E(|uipi)ed  with  the.se  few  fundamental  conceptions,  we  havi-  ail  that 
are  ni'ce.ssary  to  the  study  of  kinemati(s,  this  word  InMug  u>-i'd  in  its 
most  limite<l  sense. 

Statics,  on  the  other  hand,  evadts  all  <picstions  of  motion,  and  in  it 
we  confine  onr-^elves  to  the  study  «>f  forces  at  rest. 

\\  hat  force   really  is  we  will   probably  never   know  until  we   knirn 
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tlie  ultimate  nature  of  matter ;  we  do  know,  however,  that  whatever 
tends  to  produce  motion,  or  actually  produces  motion  in  bodies  at 
rest ;  or  brings  or  tends  to  bring  a  moving  body  to  rest,  or  to  change 
the  direction  of  a  moving  body,  is  called  force.  We  measure  force  by 
its  intensity,  in  pounds,  and  limit  it  by  its  direction  and  point  of 
application. 

In  terrestrial  mechanics,  to  which  we  limit  ourselves  in  this  paper, 
gravity  is  the  force  which  attracts  all  bodies  to  the  surface  of  the  earth 
in  a  vertical  line;  if  allowed  to  act  on  a  free  body  in  a  vacuum  it  will 
produce  a  velocity  of  about  32'2  ft.  at  the  end  of  one  second,  during 
which  time  the  body  will  have  fallen  a  distance  of  16'1  feet. 

In  order  to  define  the  centre  of  gravity  of  a  body  we  will  have 
to  precede  it  by  the  definition  of  the  statical  moment  of  a  force 
which  is  the  intensity  of  that  force  multiplied  by  its  perpendicular 
distance  from  the  point  around  which  it  tends  to,  or  actually  does 
produce  motion. 

We  can  now  define  the  centre  of  gravity  of  a  body  as  that  point 
which,  if  supported,  leaving  the  body  free  to  rotate  in  any  direc- 
tion, would  balance  all  the  moments  of  the  forces  of  the  molecules 
of  the  body  due  to  the  force  of  gravity ;  the  body  would  not  have 
any  tendency  to  turn  about  this  point,  at  which  the  total  force  of  gra- 
vity acting  upon  the  bod}"^  may  be  assumed  to  be  concentrated. 

The  well-known  theorems  of  the  parallelogram  and  parallel opipe- 
dou  of  forces  form  the  basis  for  the  statical  treatment  of  forces  which 
has  received  an  enormous  development  both  analytically  and  graphic- 

ally. 

We  come  now  to  dynamics,  which  is  the  study  of  combined  force 
and  motion,  that  is,  of  work ;  or  if  time  in  which  the  work  is  accom- 
plished is  included  in  the  consideration,  of  power. 

We  can  say  that  work  equals  force  multiplied  by  the  space  passed 
over  during  the  action  of  the  force,  and  as  the  unit  of  space  usually 
assumed  is  a  foot  and  the  unit  of  force  a  pound,  we  measure  work  in 
foot-pounds.  A  foot-pound  is  the  amount  of  work  done  in  raising  a 
weight  of  one  pound  one  foot,  or  in  exerting  a  force  of  one  pound 
through  a  distance  of  one  foot  in  any  direction.  Work  is  considered 
independently  of  the  time  in  which  it  is  accomplished. 

Power  is  work  considered  with  respect  to  the  time  in  which  it  is 
accomplished ;  as,  for  instance,  a  horse-power,  which  represents  33,000 
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io<>t-))<mii<ls  of  work  il<iii<'  in  one  niiiiut''  nr  "i.'iO  f(M)t-|»itiiiiil-  <>f  work 
done  ill  oiic  -cciiiifl. 

Tlu;  many  terin.s  ii.sud  to  express  tlic  idea  uf  lorce  and  motion  rom- 
Vjin<.'<l  can  all  be  .scon,  by  a  little  thoiii^lit,  to  be  synonymous  Mith 
Avork.  Power  is  often  ii.sed  incorrectly  for  force  when  the  lever  and 
screw  are  beini;  discn.s<^e<l. 

The  w<'i;jlit  of  a  body  is  (he  measure  of  the  iiitriisity  of  tiie  force 
of  gravity  acting  upon  it.  Jn  treatises  on  mechanics  it  is  made  equal 
to  the  product  of  its  ma.ss  by  its  velocity  at  the  end  of  one  se<'ond 
(.j2*2  lept)  under  the  action  of  gravity. 

In  order  to  clearly  grasj)  the  meaning  ol"  this  \i\si  sentence  we  must 
know  what  mass  is.  'J'lje  mass  t>f  a  body  is  usually  stated  to  1m*  the 
(piantity  of  matter  in  it,  and  it  will  at  once  be  pfrctivf<l  that  the 
hypothesis  is  ]»laced  that  ditferences  in  (piaiitity  of  matt<'r  make  pro- 
|>orti<>iial  ditl'crcnces  in  the  weight,  whi<-h  may  or  mav  not  be  true. 
\\\'  have  no  means  of  ])r(tviiig  that  a  vnliime  of  iron  which  weighs 
7'2  times  as  much  as  the  same  volume  of  water  contain-;  ~'l  times  as 
jnuch  niatter. 

The  I'act  is  that  mass  means  the  intensity  of  the  force  of  gravity 
divi<Jed  by  the  velocity  <lue  t«>  the  force  <»f  gravity  at  the  end  of  one 
second,  and  is  a  constant  ratio  at  all  points  on  the  surface  of  the  earth. 
The  great  convenience  of  this  ratio  f<»r  the  j)urposes  of  the  me<-hanie 
will  be  seen  w  hen  we  recollect  that  in  dynamics  the  intensity  of  a 
force  is  measured  by  the  velocity  which  it  will  j>ro<luce  in  <»ne  secontl, 
and  if  we  multiply  this  ratio  (which  i.s  the  mass)  by  the  velocity 
which  is  ok«<erved,  we  have  the  intensity  of  tiie  acting  font*  in  pounds. 
Tiiis  leads  us  at  once  to  the  momentum  of  a  bo<ly,  which  is  the  inten- 
sity of  a  constant  force  which  has  been  ((U*  shouKl  have  been  to  pro- 
duce the  .sjime  vehK'ity)  acting  upcui  it  for  »>ne  sec(Mid,  it  is  e<pial  to  it.s 
Jiiiuss  multiplied  by  its  velocity,  in  feet  per  second. 

If  a  moving  bodv  Ik-  bntught  to  rest  in  one  sei-outl,  the  nuMiientum 
is  the  intensity  of  tht>  constant  lorce  which  nnist  l)c  exi'rte<l  through 
a  space  e<pial  to  oiu'-half  the  velocity  of  the  lunving  b<Kly. 

Jnspeakiiig  cd'  momentum,  unity  of  tinu'  is  always  assume<l  lu-*  <ine 
of  the  conditi(«ns  ;  thus  the  weight  of  a  body  e<]uals  its  momentum 
when  gnivity  is  the  force  acting  upon  it. 

The  distinction  Iwtwecn  momentum  and  the  really  acting  force  in 
many  cases  which  occur  mu.st  be  sharply  (b-.iwn.  If  the  actinir  fon* 
l)e  constant,  it  w  ill  add  etpuil   increments  of  vehK'ity  in  wicJi   unit  of 
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time,  and  the  intensity  of  the  acting  force  can  be  at  once  deduced  bj 
dividing  the  momentum  by  the  time  of  its  action.  Thus  a  body  let 
fall  and  acted  upon  by  the  constant  force  of  gravity  has  at  the  end  of 
one  second  a  momentum  Mg,  and  at  the  end  of  two  seconds  a  momen- 
tum of  23Ig,  but  the  acting  constant  force  is  still  3Ig  or  23Ig,  divided, 
by  the  time  two  seconds. 

Thus  we  have  the  distinction,  the  momentum  (3Iv)  is  the  intensity 
of  a  constant  force  which  acting  contrariwise  upon  any  mass  in  motion, 
wath  the  velocity  v  for  one  second,  would  bring  it  to  rest ;  or,  if  the 
mass  [31)  be  at  rest,  will  in  one  second  impart  to  it  the  velocity  v. 

31v 
On  the  other  hand,  the  acting  constant  force  r=  — ^  may   act    for 

any  length  of  time,  t,  and  therefore  may  be  of  any  intensity. 

Work  has  already  been  defined  as  force  (F)  multiplied  by  space  (s)^ 

3Iv 

If  now  for  F  we  substitute  — t~  and  recollect  that  for  any  free  body 

put  in  motion  by  the  action  of  a  constant  force,  the  space  passed  over 

is  equal  to  one-half  the  final  velocity  multiplied  by  the  time,  we  have: 

3Iv       vt       3iv^ 
"^yor^^  =  Fs=  -y-X  2  =-2"- 

This  result  at  once  reminds  us  of  the  term  "  vis  viva,"  literally 
meaning  living  force,  and  shows  us  that  the  work  expended  in  giving 
motion  to  any  body  and  stored  up  in  it  is  one-half  the  vis  viva,  which 

can  be  separated  into  the  two  terms  {3Iv)  and  I  9  ),  the  first  being  the- 

momentum  and  the  second  the  space  through  which  the  momentum 
will  act  in  one  second. 

Matter  has  the  power  of  absorbing  and  storing  up  work  while 
being  given  motion,  and  gives  out  work  when  its  motion  is  retarded. 
A  body  in  motion  and  not  abted  on  by  any  force,  will  move  in  a 
straight  line  and  with  a  constant  velocity.  If  this  body  is  acted  upon 
by  a  resistant  force,  it  will  not  stop  until  all  of  the  work  stored  in  it 


(il/f)  i 


^  I  IS  given  out. 

These  phenomena  are  due  to  the  inertia  of  matter,  meaning  by 
inertia  the  inability  of  dead  matter  to  change  its  position  or  motion 
of  its  own  accord,  and  the  passive  resistance  which  it  offers  to  all 
action  upon  it.  "Action  and  reaction  are  ever  equal,  simultaneous 
and  opposite,"  but  in  a  free  body  the  reaction  is  always  yielding  to  the. 


I 
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action  of"  a  force  in  tli«'  I'orni  of  motion  of  tin-  Ixxly  in  the  direction 
of  the  actinj^  force,  and  tlio  matter  contain(<l  in  the  IxmIv  :i(t<-<l  iij)ou 
stores  up  the  comhined  force  and  motion  a.s  work. 

The  moment  of  inertia  of  a  rotiiting  body  is  the  statical  m<jment  of 
the  momentum  of  the  body  and  is  equal  to  the  sum  of  the  moments 
of  the  momenta  of  its  infinitesimal  elements;  it  is  the  moment  of  that 
constant  force  with  which  a  rotating  IkxIv  would  resist  heiner  hroucrht 
to  rest  in  one  second  ;  or,  being  at  rest,  would  resist  havin;^  impressed 
upon  it  a  certain  angular  velocity  {w)  in  one  scn-ond.  ThiL<  each  ele- 
mentary particle  (m)  would  have  a  momentum  (mr),  and  a  lever  arm 
(;•)  and  its  moment  of  inertia  would  be  invr ;  but  since  v  =  rw  we 
have  mvr  =  vn-^w  as  the  moment  of  inertia  of  each  particle  and 
Irrn^w  as  the  moment  of  inertia  of  the  whole  bo<ly. 

The  definitions  of  and  fornudjo  for  the  moment  of  inertia  given  iiv 
many  text-books  neglect  the  angular  velocity  and  the  acceleration  of 
gravity  {[/)  and  an-  therefore  only  c()niparative  mejisiu'cs  of  the 
moment  of  inertia,  and  do  not  give  a  «lear  conception  of"  what  the 
nKtnicnt   of  inertia   really  is. 

If  it  is  (U'sired  to  know  tin-  amount  of  work  done  in  giving  the 
matis  ni  the  velocity  r  in  one  .secontl,  we  have  at  once  the  expression 


/r\  1    ,       y 

(inr)  I  .^1  for  the  \vork  :=  ,y/tr-=nj/-^  „  . 


A  more  compli'tc  and  misleading  misnomer  than  moment  of  inertia 
would  be  hard  to  imagine  if  the  original  inventor  of  the  term  meant 
by  it  what  he  is  usually  assinned  to  n)ean,  viz.,  "the  work  lost  or 
gained  whilst  the  body  is  experiencing  a  change  in  the  s<piare  of  it.-^ 
angular  vel<M'ity  e<pial  to  unity,"  or  "the  weight  of  a  ImmIv  which,  if 
concentrated  at  the  distance  unity  from  the  axis  of  nitation,  wouKl 
require  the  same  work  to  produce  a  given  increa.«*e  of  angular  velo- 
city whieh  the  actual  body  re(piires." 

The  moment  of  flexure  used  in  discussions  of  the  elasticity  autf 
strength  of"  materials  is  an  analogous  expression  to  the  moment  (»f 
inertia,  the  uukIuIus  of  elasticity  taking  the  placi-  of  the  angular 
vehx'ity  ;  it  is  a  static;d  measure  but  meiuione*!  here  Ikhiiusc  of  it.-* 
similarity  to  the  nuunent  of  inertia. 

The  radius  of  oscillation  of  a  rotating  IxkIv  is  e«jual  to  its  moment 
of  inertia  dividetl  by  its  momentum  ;  it  is  the  mean  radius  or  lever 
arm  of  the  momentum  ;  the  extremity  ot"  this  radius  is  the  <vntre  of 
o.scillation  or,  as  it  is  st>metimes  cjilletl,  the  ivntiv  of  inrcussion  oC 
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a  suspended  body,  because  if  the  body  be  struck  at  this  point  no 
shock  will  be  communicated  to  its  axis  ;  it  is  the  point  where  stat- 
ical equilibrium  occurs  between  the  momentum  of  that  part  of  the 
body  between  it  and  the  axis  of  rotation  and  the  momentum  of  that 
part  of  the  body  outside  (away  from  the  axis)  of  the  centre  of  per- 
cussion. 

Since  the  angular  velocity  is  a  common  factor  of  the  moment  of 
inertia  and  the  momentum  of  a  body,  it  can  be  and  usually  is  neglected 
and  the  radius  of  oscillation  is  found  by  dividing  the  measure  of  the 
moment  of  inertia  of  any  body  by  its  statical  moment. 

The  centre  of  pressure  is  an  analogous  term  to  the  centre  of  oscilla- 
tion and  is  found  in  a  similar  manner.  It  is  a  statical  term  and  its 
analogy  is  due  to  the  fact  that  the  pressure  of  water  increases  with  the 
•depth  from  the  surface  in  the  same  ratio  that  momentum  increases 
with  the  distance  from  the  axis  of  rotation,  or  the  elastic  resistance  of 
materials  increases  with  the  distance  from  the  neutral  surface  of  a  beam. 

The  square  of  the  radius  of  gyration  of  a  rotating  body  is  equal  to 
its  moment  of  inertia  divided  by  the  momentum  of  the  mass  supposed 
to  be  concentrated  at  a  distance  equal  to  unity  from  its  axis,  if  the 
:angular  velocity  which  is  a  factor  of  both  terms  be  neglected,  the 
.square  of  the  radius  of  gyration  can  be  deduced  as  usually  explained 
in  the  books  by  dividing  the  measure  of  the  moment  of  inertia  (-T??!?--) 
by  the  mass  (M)  of  the  body,  the  square  of  the  radius  of  gyration  (F) 
is  the  mean  of  the  squares  of  the  radii  of  the  infinitesimal  elements  of 
any  rotating  body.  The  centre  of  gyration  of  any  body  is  that  point 
at  which,  if  its  mass  were  supposed  concentrating  and  revolving  with 
the  given  angular  velocity  about  the  axis,  the  moment  of  the  momen- 
tum of  this  concentrated  body  {3fVk)  would  equal  the  sum  of  the 
moments  of  the  momenta  of  its  infinitesimal  elements  {J!mric)  while 

;actually  rotatino;  around  its  axis.     Since  I"  =  —^ we  see  that  it 

is  the  ratio  between  the  actual  moment  of  inertia  aiKl  the  moment  of  iner- 
tia of  the  mass  assumed  concentrated  at  a  distance  unity  from  the  axis,  the 
•centre  of  gyration  has  no  actual  physical  existence  as  has  the  centre  of 
oscillation,  but  it  serves  a  convenient  purpose  in  mathematical  investi- 
g;ation.  From  the  definition  of  the  radius  of  oscillation  it  will  at 
•once  be  seen  that  it  can  be  deduced  by  dividing  the  square  of  the 
radius  of  gyration  by  the  distance  of  the  centre  of  gravity  of  any 
body  from  its  axis  of  oscillation. 
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Force  is  aotiially  t'xliilMt<'<l  and  its  action  tdt  only  wiicn  there  is  a 
olianj^c  in  tlio  velocifi/  with  \\hi<li  ;i  nia-s  is  moving.  Centrifugal 
forec,  wliich  is  the  intensity  with  which  any  hody  moving  in  the  an* 
of  a  circle  resists  being  (h*awn  t<jwards  its  centre,  is  a  go<xl  example  of 
this. 

Centrifugal  force  equals  the  momcntnm  of  a  mass  multiplied  l»y  its 
angular  velocity  (Mru:). 

Generally  we  can  say:  In  any  change  of  velocity,  the  intensity  of 
the  acting  force  is  measured  hy  the  ma<s  nndtij>lie<l  hy  the  vehK-ity 
which  would  h:ive  been  generated  in  one  second  had  tin-  force  remained 
constant. 

The  theorem  of  virtual  velocities  to  whi<-h  fretjuent  reference  is 
made  in  works  on  mechanics,  expnsses  in  the  form  of  an  e<piation 
the  equality  of  the  elementary  quantities  of  power  being  tninsmitt^-tl 
by  any  mechanism.  'J'hus,  sii|)])ose  the  work  actuating  any  machine 
to  be  i**  and  tin-  work  being  done  by  the  machine  to  be  7''].v,,  then 
letting  (It  be  the  dilH  renti:il  of  lite  time,  we  have 

<l.s  da 

^'dt  =  ^\it  "»•  ^''"  =  ^'V 

This  theorem  may  also  be  interpreted  by  .saying  that  the  jiower  of 
all  parts  of  a  continuous  train  of  mechanism  :it  any  instant  is  the 
same,  irictional  los.scs  bi'ing  neglected. 

The  question  at  once  ari.ses :  What  is  a  machine?  To  which  we 
■would  answer  that  it  is  *' an  assemblage  of  resistant  parts,"  lor  the 
]»urjM)se  of  conveying  irorl:  from  one  point  to  another  bv  nuans  of 
j)redetermined  motions. 

Many  of  the  laws  relating  to  machinery  are  incorre<'tly  phr.Lsed. 
and  we  repeat  theuj  in  a  correctc<l  form  : 

No  machine  can  give  out  more  work  than  i>  |»ut  into  it. 

Lo.ss<.«  of  work  occur  in  all  machinery  because  of  friction. 

Lost  work  due  to  friction  usually  disappears  as  heat. 

Whatever  is  gaine<l  in  speed  is  lost  in  force  in  all  machines. 

riie  w<»rk  done  by  every  membi-r  of  a  coniinuou>  train  of  mei-h- 
anism  is  the  same  for  one  cvcle. 

Perpetual  motion,  /.  «•.,  the  creation  of  work,  is  not  possible. 

These  laws  c;»nn(»t  be  ilispcnsetl  Mith  nor  in  many  auses  l)e  de<luco<l 
one  from  the  other ;  they  are  many  of  them  mechanical  axioms,  and 
are  for  the  most  part  the  rcsidt  of  ex|M'rience  and  of  a  v:ist  numlKT  of 
<jxj)eriments  never  recorded  and  discussions  long  since  forgotten. 

PA»/a.,  Oct.  24,  1881. 


364  Electric  Lighting.  [ jour.  Frank.  Inst., 


THE   SCIENTIFC    PRINCIPLES    IXVOLVED   IN    ELEC- 
TRIC LIGHTING. 


By  Prof.  W.  Grylls  Adams,  F-R.S. 

A  series  of  "Cantor  Lectures"  delivered  before  the  Society  of  Arts,  London,  1881. 
(Continued  from  page  294,) 


The  fundamental  j)rinciples  which  underlie  all  magneto-electric 
machines  are  the  four  great  principles  discovered  by  Oersted,  in  1819, 
by  Ampere  and  Arago  in  1820,  and  by  Faraday  in  1831.  In  1819, 
Oersted  discovered  the  action  of  a  current  of  electricity  on  a  magnet. 
In  1820,  Ampere  discovered  the  action  of  magnets  and  currents  on 
currents  of  electricity  in  their  neighborhood,  and  in  the  same  year 
Arago  showed  that  currents  of  electricity  produced  magnetization, 
thus  laying  the  foundations  of  electro-magnetism;  and,  in  1831,  Far- 
aday showed  that  induced  currents  were  produced  by  the  motion  of 
magnets.  All  machines  for  the  conversion  of  work  into  electricity 
are  founded  on  Faraday's  great  discovery  of  the  induced  current, 
derived  from  the  relative  motion  of  a  magnet  and  a  coil  of  Avire. 

Magneto-electric  machines  are  divided  into  two  great  classes,  accord- 
ing as  they  furnish  continuous  currents  or  alternate  currents.  All 
such  machines  are  alternate,  as  far  as  regards  tlie  currents  in  the 
coil ;  but  these  currents  are  made  to  flow  always  in  the  same  direction 
in  the  external  circuit,  in  continuous  current  machines,  by  means  of  a 
commutator  which  reverses  the  contact  at  every  half-turn. 

The  machines  of  Pixii,  in  1832,  followed  by  those  of  Saxton  and 
Clarke,  were  the  first  continuous  current  machines.  From  these  we 
may  pass  to  Wheatstone's  inti'oduction,  in  1845,  of  electro-magnets  in 
place  of  permanent  magnets,  to  produce  the  magnetic  field.  In  1854, 
Messrs.  Werner,  Siemens  and  Halske  introduced  the  Siemens  arma- 
ture, in  which  the  coil  is  wound  longitudinally  in  a  groove.  The 
strength  of  the  continuous  current  depends  on  the  velocity  of  rota- 
tion, on  the  length  of  the  wire  and  on  the  power  of  the  magnetic  field 
formed  by  the  magnets. 

It  is  remarkable  tliat,  in  1854,  Hjorth  originated  an  idea  which 
was  some  thirteen  years  in  advance  of  his  time ;  he  patented  an 
improved  magneto-electric  battery,  in  which  the  currents  induced  in 
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tlio  revf)lviii^  armature  pass  ivminl  tin.'  elect ro-mafj^iiet.s  and  irirrea^c 
their  rua<^ii(;tisni,  aii<l  so  increase  the  iiuhiced  currents  at  coniponnd 
interest  rate.  This  was  the  celebrated  princiidf  atn-rwanls  re-disj-ov- 
en.'d  hy  Sjcnicns  and  l)y  Whcalstonc  .-iiiiiiltaneoiisly  in  18fJ7,  which 
Jias  f()rni('<l  the  hasis  of  all  dynani<»-clcctric  machines  and  which,  lor 
ecjual  jiower,  are*  cliea|»cr  and  more  c<)m|>act  than  all  other  magneto- 
electric  machines. 

J)vn.\m()-J'>ij:(Tki<  Machines, 
In  February,  1HG7,  Dr.  Siemens  and  Sir  Charles  Wheatstonc,  on 
the  sjime  evening,  presented  to  the  ]{oyal  Society  their  two  |taj>ers, 
"On  the  Augmentation  of  the  P<»wer  of  a  Maj^nct  by  the  lieaction 
Thereon  of  Currents  Induced  by  the  Maj;net  Itself."  Acc«)rdin<r  to 
the  princi|»le  then  i>Mt  forwanl  by  Dr.  Siemen.s,  the  rotatinji;  armature, 
the  elect ro-maii;net  and  the  external  resistance,  such  as  an  electri<' 
lamp,  are  joined  up  s(»  as  to  form  one  simple  circuit.  \  small  amount 
of  jnagnetism  is  comnnuiicated  to  the  electro-magnet,  so  that,  on 
rotating  the  <'<)il,  a  current  is  induced  alternately  in  opposite  <lire<'- 
tions,%ind  after  being  reduced  to  the  same  direction  l)v  a  commutator, 
this  current  pa.sses  through  the 
coils  of  the  ele<'tro-magnet  in 
such  a  direction  as  to  make  it 
stronger,  so  enabling  it  to  react 
on  the  armature.  Thus  the  mag- 
net and  the  armatin'e  act  an<l 
react  on  one  another,  strengthen- 
ing the  magnetic  field  and  con- 
tinually strengthening  the  in- 
♦lui'ed  currents.  Sir  ( "harlcs 
Wheatstonc  put  forward  the 
same  principle,  and  callol  attt'ntinii  to  the  fact  that  at  the  fii^t  in.stant 
of  completing  the  combined  circuit  the  etln-ts  are  stronger  than  thev 
are  permanently.  'JMic  princijde  of  the.<e  dynann>-elei'tric  machines 
is  clearly  shown  in  the  Figure  1,  wiiere  X  and  S  ix'presont  the 
|)olcs  of  the  eUvtro-magnet  enclosing  the  revolving  armature,  the 
external  resistantv  in  the  circuit  being  it:»presente<l  by  an  electric  lamp. 
Sir  Charles  W'hcatstone  also  pointi^nl  out  that  a  very  remarkable 
increase  of  all  the  etfei'ts  is  ob.<erved  when  a  -hunt  is  eniplovetl  to 
ilivert  a  great  portion  of  the  t'urrent  from  the  ekH-tro-magnet.  liy 
that   means,   four  inches  of  platinum   wire,   •tK)l>7   in.   iliameter,   was 
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made  to  glow.  A  certain  resistance  in  the  slmnt  was  found  to  be 
necessary  to  produce  the  best  effects,  so  as  neither  to  weaken  the  mag- 
netism too  much  nor  to  give  the  current  too  mucii  work  to  do  in 
heating  a  high  resistance. 

In  addition  to  this,  Sir  Charles  "SVheatstone  showed  that  the  effects 
above  described  are  far  inferior  to  the  effects  ,obtained  by  placing  the 
work  to  be  done  in  the  shunt  circuit.  Thus  seven  inches  of  wire 
were  made  to  glow  in  the  shunt,  when  only  four  inches  of  the  same 
wire  would  glow  in  the  original  circuit.  There  is  thus  a  double 
advantage,  for  there  is  no  loss  of  resistance  by  introducing  the  shunt, 
the  resistance  of  the  shunt  being  the  resistance  on  which  the  useful 
work  is  done. 

This   improvement,  suggested  by  Sir  Charles  Wheatstone  in  1854, 

and  now  being  adojited  by  Dr. 
N    "\  C.    W.    Siemens    in    his    latest 

dynamo -electric  machines,  is 
very  well  shown  in  Figure  2, 
for  which,  as  well  as  fdt  the 
other  figures  illustrating  this 
lecture,  I  am  indebted  to  the 
kindness  of  the  Director  of  La 
Lumi^'e  Electrique. 

Wheatstone  also  showed  that 
the  effects  are  much  less  influ- 
enced by  a  resistance  in  the 
electro-maonet  branch  than  in  either  of  the  other  branches.  Thus, 
with  about  four  inches  of  glowing  platinum  wire  in  circuit,  the  addi- 
tion of  about  five  inches  of  platinum  wire  in  the  armature  branch,  or 
in  the  shunt,  produced  a  |-inch  glow,  whilst  four  feet  of  the  same 
wire  was  required  in  the  electro-magnet  branch  to  reduce  the  glow  to 
three-fourths  of  an  inch.  Dr.  Siemens  has  shown  that,  for  the  great- 
est efficiency,  the  resistance  of  the  rotating  coil  must  be  small,  but  the 
resistance  of  the  electro-magnet  may  be  increased,  and  that  in  both 
cases  the  wires  should  not  be  small,  but  of  considerable  diameter. 

The  Gramme  Ring. 

In  the  Gramme  armature,  coils  of  wire  are  wound  in  sections,  all 
in  the  same  direction,  round  a  ring ;  and  each  section,  when  a  current 
is  flowing  through  it,  may  be  regarded  as  an  electro-magnet.     The 
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similar  poh-s  of  all  tlicH-  sectional  elcctro-ma^riKts  will  jM.jnt  in  the 
Siiine  direction  ronn<l  the  rintr.  Consider  only  niu- <»t"  thex' eh^-tro- 
magnets  with  its  tmrtli  |nik'  <lirectcd  toward-  the  soinh  jxile  ot"  another 
ma<;net,  it  will  he  attracted  towards  it,  and  with  "greater  and  ;;rejiter 
force  the  nearer  it  aj»j)roache.s  ;  on  passinu;  the  south  pole,  its  own 
south  j)ole  will  he  presenteil  to  the  s<tuth  |K)le  of  the  fixe<l  nia«:net 
wiiieh  it  hits  just  passed,  and  its  motion  will  he  contiinied  in  tlie  same 
direction. 

Now,  suppose  no  current  to  Ik-  flowing  in  the  rintr,  then,  on  apply- 
ing force  to  prixlucc  the  same  motion  as  hefore,  tlie  indueetl  current 
will  he  in  the  opposite  direction,  /'.  r.,  its  the  c(»il  revolves  towards  the 
.south  pole  and  past  it,  the  induced  current  in  the  coil  is  round  the 
rinjjj,  as  we  look  at  it  IVom  behind,  in  the  direction  opposite  to  tlie 
motion  of  the  hands  of  a  watch. 

With  rijiht-handetl  windini;  of  the  wire  on  the  rin^  like  a  c<»rk- 
screw,  the  current  is  comini^  towards  the  ol).>ierver,  or  in  the  opp<»site 
direction  to  the  mcttion  of  the  rin^  on  the  side  nearest  the  .south  pole. 

If  we  c«»nsider  a  section  (»f  the  rinj;  as  it  a|»pr(»aches  and  ijoes  awav 
from  the  north  pole  of  the  mai^net,  the  induced  current  in  the  coil,  ;is 
the  ob-server  looks  at  it  from  behind,  will  be  in  the  s;uue  direction  :us 
the  hands  of  a  watch  move,  .so  that  the  current  will  be  away  from  the 
ob.server,  or  in  the  same  directi«tn  a.s  the  motitni  of  the  rin<r  on  the  side 
nearest  the  n<>rth  pole.  Hen<'e,  currents  How  opposite  ways  round  the 
ring,  in  the  two  halves  of  the  ring,  and  meet  at  points  eijuidistant 
from  the  two  judes. 

DvNAMo-Kr.r.cnac  >rA(HiNi->5. 

When  the  armature  of  a  dynamo  machine  is  turne<|,  the  amount  of 
work  which  is  prtHluced  by  means  of  it  is  proportional  to  the  numlxT 
of  turns  of  the  armatiu'c  j>er  minute.  If  the  sjune  current  pa.s.sos 
through  tiic  electro- magnet  and  the  armature,  then  the  current  in  one 
acting  on  the  current  in  the  other  will  attract  or  re|>el  it  with  a  force 
pro|)ortional  to  the  product  of  two  current.s,  /,  c,  to  the  s<piare  of  the 
current  The  action  between  the  currents  is  incrwusetl  four-fold  when 
the  current  in  each  is  doubKil.  Hence,  when  such  a  machine  is  u.<eil 
lis  a  generator  of  an  clectrit*  current,  the  external  work  wiiich  can  In? 
done  by  that  current  in  the  electric  arc  or  elscvvljcrc  is  pro|>oriional  to 
the  square  of  the  current. 


S68  EledriG  Lighting.  [jour.  Frank.  Inst., 

Use  of  Separate  Exciting  Machine. 

In  all  dynamo-electric  machines,  where  the  same  current  passes 
round  the  magnet  and  the  armature,  any  disturbance  in  the  resistance 
of  the  outer  circuit,  in  the  electric  arc  for  instance,  at  once  alters  the 
■current,  and  this  alters  the  strength  of  the  magnetic  field,  which 
again  produces  a  further  disturbance  in  the  current,  so  that  any  dis- 
turbance is  intensified,  just  as  the  permanent  magnetism  of  the  iron 
■core  is  intensified  by  the  action  of  the  current  in  the  machine  on 
itself. 

To  obtain  greater  regularity,  Wilde,  in  1863,  proposed  to  employ  a 
separate  continuous  current  machine  to  give  a  permanent  magnetic 
field  and  to  revolve  the  armature  of  the  second  machine  between  the 
poles  of  the  magnet  which  is  excited  by  the  first  machine.  In  order 
to  find  the  yield  or  effective  work  of  these  machines,  and  their  effi- 
■ciency  for  electric  lighting  or  for  other  purposes,  we  have  seen,  from 
the  laws  of  Ohm  and  Joule,  that  measurements  of  current  and  of  the 
work  done  by  the  current  must  be  made. 

In  the  last  lecture  I  indicated  four  methods  of  making  such  mea- 
surements, viz. : 

1.  The  galvanometer  method. 

2.  The  heat  method,  i.  e.,  by  the  change  of  temperature  produced 
by  the  current  in  a  wire  of  given  resistance. 

3.  The  electrometer  or  potentiometer  method. 

4.  The  electro-dynamometer  method,  i.  e.,  by  the  attraction  between 
different  parts  of  the  same  current. 

Efficiency  of  Magnetic  and  Magneto-Electric  Machines. 
If  we  take  a  battery  in  a  closed  circuit,  we  know,  from  the  laws  of 
Faraday,  that  the  amount  of  current  produced  is  directly  proportional 
to  the  weights  of  the  chemical  elements  decomposed  in  each  of  the 
cells  of  the  battery,  the  quantity  of  zinc  dissolved  in  the  battery  being 
a  measure  of  the  quantity  of  current  which  has  passed.  According 
to  the  laws  of  transformation  of  energy,  the  work  done  in  the  chemi- 
cal actions  is  here  equivalent  to  the  work  done  in  heating  the  circuit. 
We  may  express  the  energy  or  the  work  done  by  electric  currents  in 
the  same  way  as  we  express  the  energy  of  a  head  of  water  by  the 
pressure  multiplied  by  quantity  of  Avater.  The  electro-motive  force 
•corresponds  to  pressure,  and   the  current  flowing  to  the  quantity  of 
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water,  ho  tliat  tlic  work  dniic  In*  the  currciit  i-  tli<-  jdoiliiit   <>{'  »Ii-rtru- 
niotivc  force  In-  the  fjuaiitity  «»f"  electricity. 

Tiic  work  wliicli  can  he  done  in  the  circuit  i-  A'/'.  \vlnr<'  A'  i-  the 
electro-niot ivf  force  of  the  Icittery,  ami  this  is  >j»eiii  in  heatin^i  the 
resistanee.  Hence,  A'„C'„=C'"A*,  where  ( ',  is  the  current  j>riMlneci| 
thron<ih  a  resistance  li.  Xow,  if  any  portion  of  the  circuit,  c:irrviu;; 
a  current,  he  set  in  inotioii,  luider  the  aetion  of  exterior  ina^ietic 
forces,  (»r  under  the  inlluen<e  of  the  mutual  reactions  of  the  currents 
in  the  li.xed  and  niovahle  parts,  then  the  equivalent  to  the  eheniic:il 
actions  in  the  hattery  will  he  sjKiit  in  |»r(Mlucini;  the  jjejitinj^  of  the 
conductor,  and  parllv  in  doin<r  the  work  of  the  elcetrn-dviianiic  or 
niat:neti<*  forces,  Ke|>resentini«:  the  work  done  in  |>r(Mluein<;  motion  l»v 
K,  and  the  current  in  this  ease  hy  (\  we  iret  K  C=('-I{-t  l\.  The 
wi>rk  A'  is  e(jui\al(  III  tn  the  exti-rnal  work  done  hv  the  current  C. 
Now,  this  external  work  K  ^ives  rise  to  an  opposing  ele<-tro-motive 
foree  in  the  induced  circuit,  ami  tiie  energy  of  this  indueetl  current  is 

EC=K',  <»r  E=  .,  is  the  el(H-tro-motiv(^  force  due  to  induction. 

The  efli<'iency  of  an  induction  machine,  when  use<l  as  a  motor,  i^  th<' 
ratio  of  the  work  K  to  the  total  work  A'  •  ('"A*,  /.  c,  the  ratio  of  the 
eUx^'tro- motive    fort f  induction    to  the   total   ele<'tro-motive  forci-  of 

K         K  1  , 

tla-  hattery.     '\  he  elUeiency  /<=,.,=  ,,     ^gp—=..    ,   /^o.    Tiie  eflPet-tive 

~K 

E,{E-E). 
work  A  =  A.r'and  CR=K„ — h.      I  heretore,  A= p 

If,  then,  a  l»atterv  of  el(Htro-inotive  force  -A,,  Ih>  em|)loy(»<|,  and  an 
induction  machine  he  eiupioyeil  as  a  motor,  tlu-n  the  etfe«-tive  work 
de|>cnds  on  the  |>rodiict  ot'  two  (|uantities,  one  ot'  which  iniTea-Jes  :ts 
fast  as  the  other  diminishes. 

Xow,  if  <>ne  quantity  increa-M-s  a.s  tast  a>  another  iliminisho,  tlu-ir 
pnxluet  is  greatest  when  the  two  are  equal.  Henee  such  a  machine  is 
nuist  etiective  when  E=E„ — E,  i.  «■.,  when  E=^E",  so  tiiat  K=C-K 
and  />=h 

Half  the  woik  ot"  the  hattery  is  then  >pent  in  heatinu:  the  cin-uit 
and  the  other  half  in  doing  tlie  external  work.  This  cornsponds  to 
the  ("ase  where  the  streiiixth  of  tlu'  hatt«'rv  current  is  diminishe*!  hv 
one-half  through  the  elVci'ts  of  induction.  If  tlu'  same  machine  In* 
Whole  No.  Vol.  CXII.— (Third  Skru>,  Vol.  Ixxxii.)  24 
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emiDloyed  to  produce  a  current  of  electricity  by  applying  external  work 
to  it  to  turn  it,  then  the  energy  of  the  induced  current  is  equal  to  the 
work  done  by  the  currents  during  the  motion,  or  K=EC.  If  K  is 
greater  than  EC  at  first,  then  the  machine  will  go  faster  and  fa.ster, 
and  E  and  C  will  increase  until  the  product  becomes  equal  to  K,  when 
the  motion  will  remain  steady.  Hence,  such  a  machine  should  give 
induction  currents  of  the  greatest  efficiency  when  used  as  a  motor. 

The  above  conclusions  have  been  arrived  at  by  considering  the 
attractive  and  repulsive  forces  between  different  parts  of  a  batterv 
.current,  where  the  electro-motive  force  of  the  battery  does  not  change. 

Magnetic  Machines. 

The  same  reasonhig  will  apply  to  the  case  where  a  permanent  mag- 
net is  used  in  place  of  the  original  battery  current,  a  closed  circuit 
Ijeing  moved  in  the  magnetic  field,  or  a  magnet  moved  in  the  neigh- 
borhood of  a  fixed  coil.  In  fact,  the  theory  of  Ampere  requires  that 
a  small  closed  current  should  be  equivalent  to  a  magnetic  molecule, 
:and  so  a  collection  of  equal  small  closed  currents,  all  going  the  same 
"way  and  occupying  a  giv^en  area,  is  equivalent  to  a  collection  of  equal 
maghetic  molecules  with  their  poles  in  the  same  direction,  i.  e.,  to  a 
magnet.  But  a  collection  of  equal  small  closed  currents,  all  going  the 
same  way  and  occupying  a  given  area,  is  equivalent  to  a  current 
around  that  area. 

We  may  readily  express  the  efficiency  of  magneto-electric  machines 
by  a  formula.  Taking  k  to  be  the  effiictive  work  done  by  a  unit  cur- 
rent in  one  turn  of  the  armature,  and  n  the  number  of  turns  per 
minute,  and  C  the  strength  of  the  current,  the  total  effective  work  is 
Q-nk,  and  the  work  done  in  overcoming  the  resistance,  R,  of  the  cir- 
cuit is  B^Ed ;  hence,  by  Joule's  and  Ohm's  laws,  if  Cbe  the  electro- 
motive force,  EC=(ynh+C'R. 

C'nk  1 

Hence,  the  efficiency  =  c%k-{-C'R='lT^      Thus,    for   a  given 

nk 
resistance,  the  greater  the  number  of  turns  of  a  machine,  the  greater 
is  the  efficiency,  and   the  higher  the  resistance,  the  less  the  efficiency. 
This  formula  shows  that  machines  and  lamps  of  high  resistance  can 
only  be  efficient  when  the  machines  are  revolving  at  a  high  speed. 

We  may  represent  the  efficiency  of  batteries  or   magnetic   machines 
which  are  employed  to  drive  an  electro-motor,  such  as  a  dynamo-elec- 
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trie  macliine,  by  a  diagram  fVom  La  LumiPre  Efecfrique,  in  whicli  tin* 
elc'Ctro-iiiotive  force  of  the  hattciy  or  exciting  machine  is  nu'iisiired  (ni 
11  liorizoiitnl  line,  and  eitlici'  tli<'  current  or  the  energy  exi)ende<l  i- 
represented  hy  vertical  lines.  The  total  electrical  enerjjy,  represente<i 
by  a  straight  line  (III),  is  the  sum  of  the  effective  work  (IV),  and  the 
loss  of  energy  by  heating,  etc.  (VI). 

It  will  be  seen  that  when  the  efficiency  is 
\,  the  greatest  amount  of  effective  work  is 
produced,  and  this  amount  of  work  is  <»ne- 
Jialf  the  total  electrical  energy.  Since  the 
electro-motive  force  is  j)roportional  ti)  the 
number  of  revolutions  a  mimitc,  this  diagram 
gives  the  effective  work  and  efficiency  at  dif- 
ferent speeds. 

In  the  case  where  the  fixed  and  the  mov- 
able parts  of  the  machine  are  electro-magnets, 
and  the  same  current  passers  round  both,  then 
Ave  have — 

(1.)  The  action  of  the  currents  on  one 
another. 

(2.)  The  action  of  the  fixed  magnetic  core        I-  Electro-motive  force. 
<m    the    movable    coil,  and    of  the    movable       H-  Strength  of  current. 

■      ,.,.,  III.  Eni-rgv  converti-*!  int>« 

juay-netic  core  on  the  fixed  coil.  ,    ; .  .. 

'^  electruitv. 

(3.)  The  action  of  the  two  magnetic  cores      iv.  Eflective  w..rk  in  the 

on  one  another.     Hence,  the  value  of  k  is  of  external  circuit. 

the  form  of  ((-{-bm-^-cm^  where  a,  h,  c  are  .^'-  TI.e  eiHciency. 

]            1            ]              ^1                       .  VI.  Energv  not   ct»nverte<i 

constants,  and   m  depends  on   the  magnetic  •           <•  i        i 

_   '       _                   '                                     »  into  useful  work. 

properties  of  the  cores. 

Each  of  thc^e  actions  arises  from  the  inffuence  of  two  e<pial  cur- 
rents on  one  another,  antl,  therefore,  will  be  proportional  to  the  square 
of  the  current  and  to  the  mnnl)er  of  turns  of  the  coil  in  a  miiuite,  .so 
that  A'  is  proportional  to  nC^  \a-\-bm-\-cm-)  and  the  etticiencv 

1 1 

^~"H-o,E~l+ A' 

n  (a-\-bm+cn\*). 

The  most  important  part  of  the  action  in  such  machines  deix'ud-  on 

the  acti^m  of  the  two  magnetic  cons  one  upon  anotJicr.    The  rea<'tion«; 

between  the  fixetl  and  the  movable  cores   pnM'.ucis   great   disturbance, 

in    consequence    of  the    cores    not    taUing    up   their    full    mai:neti-m 
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instantly,  but  requiring  time  for  their  full  magnetization.  In  conse- 
quence of  this,  in  all  dynamo-electric  machines,  it  is  necessary  to  allow 
the  rotation  to  go  on,  through  an  angle  determined  by  the  retardation 
of  the  magnetism  of  the  cores,  before  taking  away  the  current  from 
the  machine  to  do  external  work ;  hence,  in  order  to  get  the  greatest 
current,  the  springs  for  making  contact  must  in  such  cases  be  shifted 
round  in  the  direction  in  which  the  rotation  is  taking  place.  Faraday 
attributed  this  retardation  to  the  time  required  to  develop  the  molecu- 
lar currents  in  the  molecules  of  the  magnet. 

Alternate-Current  ]Magneto  Machines. 

In  alternate-current  machines,  there  is  no  commutator  for  making 
the  current  continuous ;  but  the  currents  from  the  coil  are  collected 
and  sent  through  the  external  resistance  in  opposite  directions  for 
every  half-turn  of  the  armature.  The  earliest  of  these  was  the  "  Alli- 
ance" magneto-electric  machine,  which  has  been  adopted  by  the 
French  government  for  lighthouse  illumination.  Holmes  converted 
this  into  a  continuous  current  machine,  and  was  the  first  to  produce,^ 
in  1858,  the  electric  light  on  a  grand  scale  for  lighthouse  illumination. 
He  afterwards  removed  the  commutator  and  again  converted  it  into  an 
alternate-current  machine. 

The  four  methods  of  placing  the  coils  on  the  revolving  wheel,  in 
machines  for  electric  lighting,  which  have  been  employed  in  light- 
houses, have  been  summed  up  by  Mr.  Douglass : 

1.  In  Holmes'  magneto-electric  machine,  the  bobbins  are  arranged 
transversely,  with  their  axes  parallel  to  the  axis  of  rotation  around 
the  circumference  at  the  wheel. 

2.  In  Siemens'  machines,  the  wires  are  lengthwise  and  revolve 
about  the  long  axis  of  the  piece  on  which  they  are  wound. 

3.  In  Gramme's  machines,  the  wires  form  a  helix  around  a  ring. 

-1.  In  the  De  Meritens  machines,  the  wires  are  wound  as  in  the 
Gramme,  but  are  divided  into  separate  parts  which  are  insulated  from 
one  another  and,  passing  in  succession  in  front  of  opposite  poles  ol" 
magnets,  give  off  alternate  currents. 

The  Siemens  Alternate-Current  Machine. 

A  central  disk  carrying  bobbins  is  set  at  right  angles  to  a  shaft  and 
revolves  between  two  sets  of  electro-magnets  ranged  in  circles  on  each 
side  of  the  disk,  having  their  axes  parallel  to  the  shaft.    The  bobbins 
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have  no  iron  cores,  and  .^o  the  heating  eaiL-e<l  by  magnetization  and 
deniagiK'tization  of  the  iron  is  avoided.  The  electro-magnets  are 
excited  \>y  a  small  Siemens  continuous-current  machine. 

This  is  similar  to  Wilde's  dynamo-electric  macinne,  which  Iw  pro- 
ducwl  in  18GG,  excej)t  that  in  the  coils  tm  his  ca-^t-iron  disk  Wilde 
placed  soft  iron  cores  and  arranged  them  .so  iK  to  form  eight  grouj>s  of 
four  cacli.  rhf  cmreMt  from  one  of  these  groups  excites  the  electro- 
magnets, whilst  the  other  .seven  grouj)s  give  out  the  curn-nt  for  exter- 
nal use.  Among  the  more  recent  alternate-<-urrent  machines,  arranged 
so  as  to  be  excited  by  a  separate  continuous-current  machine,  there  is 
one  which  ha.s  lately  been  invente(l  by  M.  (rramme,  in  which  the  bob- 
bin of  the  continuou-S-current  machine,  which  excites  the  magnets,  is 
placed  on  the  .same  axis  with  the  rotating  armature  which  gave  the 
alternate  currents,  so  that  the  two  turn  with  the  same  velocity  and  the 
combine<l  mac.'hiiu's  run  at  the  «-aine  rate.  This  is  much  simpler  than 
having  two  machines,  and  it  is  called  a  .^If-acting  machine. 

From  principles  which  I  have  alrejidy  explained,  the  greatest 
amount  of  effective  w<»rk  or  yield  obtiiined  from  an  alternate-current 
machine,  driven  by  a  separate  exciter,  is  not  more  than  oO  per  cent,  of 
the  electrical  work  given  out  by  the  first  machine. 

ResI'LT    of    mm.    M.\S»  art    AM)    JaMIN's    Kxi'KKIMK.NTs. 

M.  Jainin  has  fumid  that,  in  the  Alliaiu'c  machine  for  electric  light 
tuid  giving  alternate  curVent*,  the  strength  of  curirnt  c:in  Ik.'  •tdculatetl 
l)y  Ohm's  law,  considering  the  ele<'tro-motive  force  as  proportional  to 
the  velocity,  but  replacing  the  resistance  of  the  bobbins  by  a  resi^tanct.' 
about  eight  times  a.s  great.  The  i-esistanee  to  be  addeil  is  proportional 
to  the  vel(K'ity  of  the  machine. 

All  theoretical  det«'rminations  of  the  etHciency  «if  machines  are 
<'OMiplicated  by  the  n'tardation  of  magnetization  of  the  magnets, 
whieli  necessitates  a  «'hange  of  |>osition  of  the  conunutator  in  tiie 
«lin'<'tion  of  the  rotation  oi'  the  armature.  If  this  change  were  not 
made,  then  it  would  l)e  possible,  with  a  bobbin  in  which  the  wire 
resistance  w;i><  high,  to  get  currents  in  opp«>site  dinvtions  when  the 
4'oil  is  rotated  at  <litferent  rates.  For  slow  r»»tation,  the  g:dvanometer 
necnlle  is  deviatcnl  to  one  side  ;  on  incre;u«iing  the  velocity  <»f  rotation, 
the  current  is  increase*!,  at  last  reaches  a  maximum,  and  beyt»nd  that 
<liininishes  rapidly  to  nothing  an«l   biH'omes  neg-ative  :  as   the  vehK'ity 
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is  still  increased  the  ciivrent  reaches  its  greatest  negative  value,  and 
then  increases  again,  and  may  have  several  such  fluctuations. 

The  efficiency  of  the  Siemens  dynamo-electric  machines  has  been 
examined  experimentally  by  Dr.  C.  W.  Siemens,  who  has  communi- 
cated the  results  of  his  investigations  to  the  Royal  Society,  and  by 
Dr.  Hopkinson,  whose  results  are  published  in  the  Transactions  of  the 
Institution  of  3Iechanical  Engineers  ;  also  M.  Hospitaller  and  Messrs. 
Auerbach  and  Meyer  have  experimented  on  Gramme  machines,  and 
MM.  Mascart  and  Angot  Iiave  considered  the  subject,  both  theoretic- 
ally and  practically,  in  some  excellent  papers  which  have  been  given 
in  the  Journal  de  'Physique. 

Taking  the  experiments  of  M.  Hospitaller,  as  given  in  La  Lum- 
iere  Electrique,  we  get  the  results,  as  shown  in  the  diagram : 


The  total  resistance  of  the  machine  before  tlie  experiment  was 
"  "  of  the  heated  bobbin 

"  "  of  the  heated  electro-magnet, 


Total, 


Ohms. 
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I.  Electromotive  force. 

II.  Strength  of  current. 
TIL  Energy  converted  into  electricity. 
IV.  Useful  work  in  the  external  circuit. 

V.  Efficiency. 


The  resistances  are  laid  down 
on  the  horizontal  line  to  the  scale 
of  1  cm.  per  ohm. 

The  scale  of  electro-motive  force 
(I)  is  1  cm.  for  10  volts. 

The  scale  for  currents  (II)  is  1 
cm.  for  10  webers. 

The  scale  for  work  (III  and 
IV)  is  1  cm.  for  20  kilogramme- 
tres. 

Curve  V  represents  the  efficien- 
cy, i.  e.,  the  ratio  of  the  effective 
work  in  the  outer  circuit  to  the 
total  work  converted  into  electric- 
ity. 

This  curve  expresses  the  ratio 
of  the  external  work  to  the  total 
work    produced,    and    approaches 


the  value  unity  as  the  resistance  is  increased ;  but  for  high  resistances 
very  little  work  is  produced.  From  the  curves  it  would  appear  that 
this  Gramme  machine  does  most  effective  work  in  the  outer  current^ 
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witliout  greatly  licatiiig  tlMj  internal  cinuiit,  when  tJie  total  rt-sistanco 
is  about  4  ohms,  /.  e.,  when  tlie  external  resLstiince  is  al)<»iit  twice  a.s 
great  lus  the  internal  resistunce.  For  less  resistanc«?5  the  machine  is 
greatly  heated  from  the  amount  of  internal  work  consume<l,  and  for 
higher  resi.stanoes  the  work  converted  into  electricity  lx;comes  verA* 
.small.  The  following  numlxjrs  give  the  results  of  one  experiment 
with  the  dynamo  machine  : 

Xiimher  of  turns  a  minute,  .  .  100(J 

External  resistance,  .  .  .  'll  ohms 

Current,  ....  2/j"o  wel)ers 

Electro-motive  j)ower,  .  .  .  1()7      volts 

Total  work  converted  into  electricity,  .  3Mj4  h.  p. 

Elective  work  in  external  circuit,  .  .  2"38  h.  p. 

The  efficiency  in  this  citse  is  65  per  cent.  The  effective  work  in  the 
outer  circuit  is  not  more  than  50  per  cent,  of  the  total  work  done  to 
produce  it. 

(To  be  cuntiniiod.) 


Cometary  Spectra.— Thollon  has  presented  to  the  French  At-a- 
demy  an  acj-ount  ot"  some  comparative  observations  upon  the  siHi-tra 
of  the  two  recent  comets.  In  the  first  the  continuous  sjMx-trum  pre- 
dominated, and  finally  it  almost  ol)Scured  the  band  sjKJctrum.  In  the 
second  the  three  carbon  bands  were  very  well  defined  and  verv  bril- 
liant, but  gradually  fading  upon  the  side  of  the  violet,  and  he  wju^  not 
able  to  observe  any  slight  traces  of  a  continuous  sjKitrum  until  the 
night  of  the  21st  of  August.  The  brilliancy  of  the  head  and  tail 
varies  rai)i<lly  with  the  distiuice  from  the  sun.  In  the  abs<  na-  of  anv 
precise'  photoiyetric  measurements  the  variations  seemeil  to  Ix*  nwirlv 
in  the  inverse  ratio  of  the  square  of  the  di.stance.  If  this  law  should 
hold  rigorously  it  wouKl  probably  follow  that  the  white  light  of 
comets  is  almost  entirely  due  to  reficction  of  the  sunlight.  It  stHMUs 
hard  to  reconcile  the  slowness  with  which  the  brilliancy  of  the  band 
spectrum  varies  with  the  common  opinion  that  the  elements  of  a 
comet  are  raisi^l  to  ini'ande.st'once  by  the  sim's  heat.  Comets,  like 
nebuhe,  may  have  stmie  heat  and  light  of  their  own,  indejH'ndent  of 
that  which  may  come  from  solar,  mechaniral  and  electric  action. — 
Comptes  Ixcndus.  C". 
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Ox  THE  SOURCES  OF  ENERGY  in  NATURE  AVAILABLE 
TO  MAN  FOR  THE  PRODUCTION  OF  MECHANICAL  EFFECT. 


By  Sir  William  Thomson. 

Address  delivered  before  the  Physical  Science  Section  of  the  British  Association,  1881. 


During  the  fifty  year.s'  life  of  the  British  Association,  the  Advance- 
ment of  Science  for  which  it  has  lived  and  worked  so  well  has  not 
been  more  marked  in  any  department  than  in  the  one  which  belongs 
very  decidedly  to  the  Mathematical  and  Physical  Section — the  science 
of  Energy.  The  very  name  energy,  though  first  used  in  its  present 
sense  by  Dr.  Thomas  Young  about  the  beginning  of  this  century,  has 
only  come  into  use  practically  after  the  doctrine  which  defines  it  had, 
during  the  first  half  of  the  British  Association's  life,  been  raised  from 
a  mere  formula  of  mathematical  dynamics  to  the  position  it  now  holds 
of  a  principle  pervading  all  nature  and  guiding  the  investigator  in 
every  field  of  science. 

A  little  article  communicated  to  the  Royal  Society  of  Edinburgh,  a 
short  time  before  the  commencement  of  the  epoch  of  energy,  under  the 
title  "  On  the  Sources  Available  to  Man  for  the  Production  of  Me- 
chanical Effect,"*  contained  the  following  : 

"  Men  can  obtain  mechanical  effect  for  their  own  purposes  by  work- 
ing mechanically  themselves  and  directing  other  animals  to  work  for 
them,  or  by  using  natural  heat,  the  gravitation  of  descending  solid 
masses,  the  natural  motions  of  water  and  air,  and  the  heat,  or  galvanic 
currents,  or  other  mechanical  effects  produced  by  chemical  combina- 
tion, but  in  no  other  way  at  present  known.  Hence  the  stores  from 
which  mechanical  effect  may  be  drawn  by  man  belong  to  one  or  other 
of  the  following  classes : 

"  I.  The  food  of  animals. 

"  II.  Natural  heat, 

"  III.  Solid  matter  found  in  elevated  positions. 

"  IV.  The  natural  motions  of  water  and  air. 

"  V.  Natural  combustibles  (as  wood,  coal,  coal-gas,  oils,  marsh-gas, 
diamond,  native  sulphur,  native  metals,  meteoric  iron). 

*  Bead  at  the  Koyal  Society  of  Edinburgh  on  February  2d,  1852.  [Proceedings  of 
that  date.) 
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"  Vr.  Artificial  comlnistiblos  (as  .siiK'ltccI  or  (•lectri«"illy-(l<'j)<->s:tf«l 
iiR'tals,  liv(lro«r<'ii,  |»lM»>|»l)<tnis). 

'*  III  till'  |ir<'>(iii  <M)iiiiiiiiiiir:itiuii,  l<iii»\\ii  r;i<i>  ill  natural  lii-torv  :iii(l 
]tlivsical  .scieiH'c,  uitli  rrtc  i-ciico  to  tin*  sources  t'roiu  wliicli  tlicM-  -ton- 
liavc  (Icrivi'd  tlicir  mccliaiiical  ciicrirlcs.  arc  adduced  to  cstal>li>li  the 
I'ollowiii^  ;;-eiicraI  coiiclil-inii-  : 

"  7M//.  ntdidlcd  from  the  .skh  |simli«jlit  Uciiij:  included  in  tlic  tcrnii 
IK  (he  jjriiidjui/  Hourre  of  mcf/ifiuicn/  rfficf  nvdiliihlr  fo  tmni.*  From  it 
is  derive<l  tlic  whole  nicchanical  ctf'cct  ohtaincd  l)y  means  of  animal- 
"workintr,  watcr-whecU  worked  i)v  rivers,  steani-on;rim*s,  <^dv:inic 
engines,  windmills,  and  the  sails  ol'shi]>s. 

**  2.  The  motir>ns  of  the  earth,  moon,  ami  sun,  and  their  mutual 
nttractions,  roiistitute  an  iniportant  source  of  availahle  mechanical 
etfect.  From  them  all,  hut  cliicHy  no  doid)t  from  the  earth's  motion 
of  rotation,  is  derived  the  mechaniciil  ellect  of  water-wheels  <lriveii  l.v 
the  tide.s. 

"3.  Tlie  other  known  sources  of  nieehanieiil  etteet  availahle  to  man 
are  either  terrestrial — that  is,  helonijin^  to  tiie  earth,  and  avaiiahh- 
without  the  iuMuence  <»f  any  external  Ixwly — or  meteoric-  that  i-. 
heloni^iu};  to  hodie^  de|tosite<l  on  the  earth  from  external  space.  Ti-r- 
restrial  sources,  includini:;  mountain  (juarries  and  mines,  the  lieat  of' 
hot  springs,  and  the  coiiihustion  (»f  native  sulj)liur,  perhaps  also  tlu- 
comhustion  of  iiior>;anic  native  eomhiistihles,  are  actually  usiil  ;  hui 
the  mechanical  I'llect  ohtained  from  them  is  very  inconsideralile,  com- 
pared with  that  which  is  ohtained  from  sources  Udoni^iiii;  to  the  two 
<Ia-ses  mentioned  ahove.  Meteoric  .sources,  includiui;  only  the  heat 
of  newly-lallen  mete<»ric  hodies,  and  the  comhustion  ot"  meteoric  iron, 
need  not  he  reckoned  aiiioiiLr  those  availahle  to   man   tor  practical  |»ur- 

p.-.'s." 

Thus  we  mav  siimmari/e  the  natural  sources  ot"  eneri:y  as  ti<les, 
food,  fuel,  wind  and  rain. 

Anions:  the  |»ractical  sources  of  energy  thus  exhaustively  enume- 
rated, there  is  only  one  not  derived  from  sun-hej»t  —  tliat  is  the  titles. 
<  o  i-^ider  it  first,  I  have  calle<l  it  praciicdl,  i)ecause  tide-mills  exi<t. 
Hut  the  places  where  they  can  work  usefidly  are  very  rare,  and  tlu- 
wjiole  amount  of  work  actually  done  hy  theni  is  a  drop  to  the  iK-ean 
ot"  work  ilone  iiy  <»ther  motoi"s.     A  tide  of  two  metres'  rise  and  fall,  it" 

*  .\  genonil  coiuliisien  e<|uiv:ilont  to  this  wn-  piililisluti  \tr  Sir  John  Herst-hfl,  in 
ls;W.     Soo  liis  A.itr«w»nu,  e<lit.  1S49.  }  (:«»!)  i. 
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we  imagine  it  utilized  to  the  utmost  by  means  of  ideal  water-wheels 
doing  with  perfect  economy  the  whole  work  of  filling  and  emptying  a 
dock-basin  in  infinitely  short  times  at  the  moment  of  high  and  low 
water,  would  give  just  one  metre-ton  per  square  metre  of  area.  This 
work  done  four  times  in  the  twenty-four  hours  amounts  to  yeVo  ^^ 
the  work  of  a  horse-power.  Parenthetically,  in  explanation,  I  may 
say  the  French  metrical  equivalent  (to  which  in  all  scientific  and  prac- 
tical measurements  we  are  irresistibly  drawn,  notwithstanding  a  dense 
barrier  of  insular  prejudice  most  detrimental  to  the  islanders) — the 
French  metrical  equivalent  of  James  Watt's  "horse-power"  of  550 
foot-pounds  per  second,  or  33,000  foot-pounds  per  minute,  or  nearly 
two  million  foot-pounds  per  hour,  is  75  metre-kilogrammes  per  second, 
or  4J  metre-tons  per  minute,  or  270  metre-tons  per  hour.  The  French 
ton  of  1000  kilogrammes  used  in  this  reckoning  is  0*984  of  the  Brit- 
ish ton. 

Returning  to  the  question  of  utilizing  tidal  energy,  we  find  a  dock 
area  of  162,000  square  metres  (which  is  little  more  than  400  metres 
square)  required  for  100  horse-power.  This,  considering  the  vast  cost- 
liness of  dock  construction,  is  obviously  prohibitory  of  every  scheme 
for  economizing  tidal  energy  by  means  of  artificial  dock-basins,  how- 
ever near  to  the  ideal  perfection  might  be  the  realized  tide-mill,  and  how- 
ever convenient  and  non-wasteful  the  accumulator  —  whether  Faure's 
electric  accumulator,  or  other  accumulators  of  energy  hitherto  invented, 
or  to  be  invented,  which  might  be  used  to  store  up  the  energy  yielded  by 
the  tide-mill  during  its  short  harvests  about  the  times  of  high  and  low 
water,  and  to  give  it  out  when  wanted  at  other  times  of  six  hours. 
There  may,  however,  be  a  dozen  places  possible  in  the  world  where  it 
could  be  advantageous  to  build  a  searwall  acro.ss  the  mouth  of  a  natu- 
ral basin  or  estuary,  and  to  utilize  the  tidal  energy  of  filling  it  and 
emptying  it  by  means  of  sluices  and  water-wheels.  But  if  so  nuich 
could  be  done,  it  would  in  many  cases  take  only  a  little  more  to  keej) 
the  water  out  altogether,  and  make  fertile  land  of  the  whole  basin. 
Thus  we  are  led  up  to  the  interesting  economical  question,  whether  is 
forty  acres  (the  British  agricultural  measure  for  the  area  of  162,000 
square  metres)  or  100  horse-power  more  valuable.  The  annual  cost 
of  100  horse-power  night  and  day,  for  365  days  of  the  year,  obtained 
through  steam  from  coals,  may  be  about  ten  times  the  rental  of  forty 
acres  at  £2  or  £3  per  acre.  But  the  value  of  land  is  essentially  much 
more  than  its  rental,  and  the  rental  of  land  is  apt  to  be   much  more 
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tliaii  L'2  or  C.'*  p'-r  :ici"t'  in  |tl;ic<'s  wlierc  lOO  lior-c-pow^.-r  could  he 
taken  with  advjiiitaj^f  fV<iiii  coal  thioiiirh  steain.  'Jims  tlic  (jiicstion 
reinain.s  imsolveil,  with  tho  j)().ssil)ility  that  in  one  place  the  answer 
may  he  one  hundred  horHC-powcr,  and  in  another  forti/  acrca.  liut, 
indeed,  the  question  i.s  hardly  worth  an.swerin<r,  cousicjcrin^  the  rarity 
of  the  cases,  if  they  exist  at  all,  where  end)aid<incnts  for  the  utilization 
of  tidal  enerjry  are  practicable. 

'riirniuf.:;  now  to  sources  of  enerj;y  derived  tVoni  -uu-licat,  hi  u>  take 
the  wind  first.  W  hen  we  look  at  the  rei^ister  ol'  iiritish  shij>pini:  and 
see  J< ),()(»()  ves.sel.s,  of  which  al.out  10,000  are  steamers  and  ;'.0,OO<> 
sailinj^  ships,  and  when  we  think  how  vast  an  absolute  amount  of 
liorse-})ower  is  devcloj)ed  by  tiie  engines  of  tiiose  steamers,  an<i  how 
considerable  a  proj)ortion  it  forms  of  the  whole  horse-power  taken 
from  coal  annually  in  the  whole  world  at  tlie  present  time,  and  when 
we  consider  the  sailing  ships  of  other  nations,  which  must  be  re<'kone<l 
in  the  account,  and  throw  in  the  little  item  of  windmills,  we  lind  that, 
even  in  the  j)resent  days  of  steam  ascendency,  old-f;ishioned  NN'ind  still 
supplies  a  large  part  of  all  the  energy  used  by  man.  Hut  however 
much  we  may  regret  tlie  time  when  Ho<kI's  young  lady,  visiting  the 
fens  of  Lincolnshire  at  C'hristma.s,  and  writing  to  her  dearest  friend  in 
London  (both  sixty  years  old  now  if  they  are  alive),  descriUs  the 
deliglit  of  sitting  in  a  bower  and  looking  over  the  wintry  plain,  not 
desolate,  because  "  windmills  lend  revolving  animation  to  the  scene," 
we  cannot  shut  our  eyes  to  the  fact  of  a  lamentable  (K'c-adetuv  of  wind- 
power.  Is  this  decadence  permanent,  or  may  we  hope  that  it  is  oidy 
temporary'.'  The  subterranean  coal-stores  of  the  world  are  luroming 
exhausted  surely,  and  not  slowly,  and  the  price  of  i-oal  is  upwanl 
bound — uj)wartl  bounil  on  the  wJiole,  though  no  doubt  it  will  have  it< 
uj)s  and  downs  in  tiie  future  as  it  has  liad  in  the  past,  and  as  must  be  the 
case  in  respect  to  every  marketable  comincHlity.  Wlien  the  coal  is  all 
burned  ;  or,  long  before  it  is  all  buriu^l,  when  there  is  so  little  of  it  left 
and  the  coal-mines  from  which  that  little  is  to  bo  cxcavatinl  are  so 
distant  and  (K-ep  and  hot  that  its  price  to  the  c<^nsumer  is  grcitlv 
higher  than  at  |)resent,  it  is  most  |)robable  that  wind-mills  or  wind- 
motors  in  some  form  will  again  be  in  the  a>»cendant,  and  that  wiml 
will  ih)  man's  mechanical  work  on  land  at  least  in  projiortion  o>m|K»- 
ral)le  to  its  present  (h>iug  of  w»»rk  at  sea. 

Even  now  it  is  not  utterly  chiv.KTical  to  think  ol"  wiml  supci-sc<iing 
coal  in  some  j)lace->  for  a  vi-ry  important  [»art  of  its  |)rcsent  duty — that 
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of  irivintr  lisfht.  Indeed,  now  that  we  have  dynamos  and  Faure's 
acenmulator,  the  little  want  to  let  the  thing  be  done  is  cheap  wind- 
mills. A  Fanre  cell  containing  20  kilogrammes  of  lead  and  minium, 
charged  and  employed  to  excite  incandescent  vacuum-lamps,  has  a 
light-giving  capacity  of  60-candle  hours  (I  have  found  considerably 
more  in  experiments  made  by  myself;  but  I  take  60  as  a  safe  esti- 
timate).  The  charging  may  be  done  uninjuriously,  and  with  good 
<lynamical  ecouomy,  in  any  time  from  six  hours  to  twelve  or  more. 
The  drawing  off  of  the  charge  for  use  may  be  done  safely,  but  some- 
Avliat  wastefully,  iu  two  hours,  and  very  economically  in  any  time  of 
from  five  hours  to  a  week  or  more.  Calms  do  not  last  often  longer  than 
three  or  four  days  at  a  time.  Suppose  then,  that  a  five  days'  storage- 
capacity  suffices  (there  may  be  a  little  steam-engine  ready  to  set  to 
work  at  any  time  after  a  four  days'  calm,  or  the  user  of  the  light  may 
have  a  few  candles  or  oil-lamps  in  reserve,  and  be  satisfied  with  them 
when  the  wind  fails  for  more  than  five  days).  One  of  the  20-kilo- 
o-ramme  cells  charged  when  the  windmill  works  for  five  or  six  hours 
at  any  time,  and  left  with  its  60-candle  hours'  capacity  to  be  used  six 
hours  a  day  for  five  days,  gives  a  2-candle  light.  Thus  thirty-two 
such  accumulator  cells  so  used  would  give  as  much  light  as  four  burn- 
ers of  London  16-candle  gas.  The  probable  cost  of  dynamo  and  accu- 
mulator does  not  seem  fatal  to  the  plan,  if  the  windmill  could  be  had 
for  something  comparable  with  the  prime  cost  of  a  steam-engine  capa- 
ble of  working  at  the  same  horse-power  as  the  windmill  when  in  good 
action.  But  windmills  as  hitherto  made  are  very  costly  machines;  and 
it  does  not  seem  probable  that,  without  inventions  not  yet  made,  wdnd 
can  be  economically  used  to  give  light  in  any  considerable  class  of 
cases,  or  to  put  energy  into  store  for  work  of  other  kinds. 

Consider,  lastly,  rain-power.  When  it  is  to  be  had  in  places  where 
power  is  wanted  for  mills  and  factories  of  any  kind,  water-power  is 
thoroughly  appreciated.  From  time  immemorial,  water-motors  have 
been  made  in  large  variety  for  utilizing  rain-power  in  the  various  con- 
ditions in  which  it  is  presented,  whether  in  ra])idly-flowing  rivers,  in 
natural  waterfalls,  or  stored  at  heights  in  natural  lakes  or  artificial 
reservoirs.  Improvements  and  fresh  inventions  of  machines  of  this 
class  still  go  on ;  and  some  of  the  finest  principles  of  mathematical 
hydrodynamics  have,  in  the  lifetime  of  the  British  Association,  and,  to 
a  considerable  degree,  with  its  assistance,  been  ])ut  in  requisition  for 
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pc'i-fcctin^  the  tlioorv  of  liydnmlif  iiiccliaiiisni  and  oxtendiusx  it.s  pnir- 
tical  a])|)licati<)iis. 

\  liisi  fjiKstinii  occiir<:  Aiv  we  iieces.sarily  limited  to  sudi  natural 
source.s  of"  wat<.'r-|i()\ver  its  are  su|)j)li('d  l)y  rain  thilint;  f»n  liiII-<;(Mnitry, 
or  may  we  look  to  the  coileetion  ot"  rain-water  in  tanks  placed  artifi- 
cially at  snflieicnt  heights  over  flat  country  to  supply  niotive-jxtwcr 
econoinic^dly  hy  driving  water-wheels?  To  an.swer  it:  8uj)po>4*  a 
height  of  100  metres,  which  is  very  large  for  any  j)ractic;ihle  l»uildin.r, 
or  for  columns  erected  to  support  tanks;  and  suppose  the  annual  rain- 
fall to  Ik-  three  quarters  of  a  metre  (30  inciies).  The  animal  vicld  of 
energy  w<»uld  he  7o  metre-tons  per  square  metre  of  the  tank.  Now 
one  hor.se-power  lor  3Uo  times  2i  hours  is  23<),50O  f( nit-ton s  ;  ami 
therefore  (divitling  this  by  75)  we  find  3153  .s<juare  metres  as  the  area 
of  our  supposed  tank  refpiired  for  a  continu<»us  supply  of  one  hoi'se- 
power.  The  j)rime  cost  of  such  a  structiwe,  not  to  sj)eak  of  the  value 
of  the  land  which  it  would  cover,  is  utterly  |»rohil)itory  of  any  such 
plan  for  utilizing  the  motive  p<jwer  of  rain.  We  mayor  mav  not  look 
forward  hopefully  to  the  time  when  windmills  will  again  '*  lend 
revolving  animation"  to  a  dull  flat  country;  but  we  certainly  need  not 
be  alVaid  that  tiie  scene  will  be  marred  by  forests  of  iron  column-^ 
taking  the  j)lace  of  natural  trees,  and  gigiuitic  taidvs  overshadowing 
the  fields  and  blackening  the  horizon. 

To  use  rain-power  economically  on  any  considerable  scale  we  mu>t 
look  to  the  natund  drainage  of  hill  country,  and  take  the  water  where 
we  find  it  either  actually  falling  or  stored  up  and  readv  to  fall  when  a 
short  artificial  chann«'l  or  pipe  can  be  provided  for  it  at  m<Klenite  c(i>t. 
The  expense  of  acpieducts,  or  of  underground  water-piix-s,  to  carry 
wati-r  to  any- great  distance — any  distaiuv  of  more  than  a  few  mile>  <>r 
a  few  hunilred  yards — is  nuich  t<M>  great  for  ec»Miomy  when  the  yiehl 
to  b«'  |)rovided  for  is  jiDu-rr ;  and  such  works  e:in  only  Im^  undertaken 
when  the  wa^rr //.sr//*  is  what  is  wante<l.  Incidentally,  in  i'onne«"ti<»n 
with  the  water  supply  of  towns,  some  part  of  the  energy  due  to  the 
head  at  which  it  is  supplie<l  may  l)e  usimI  for  power.  Theix'  are,  how- 
ever, but  few  eases  ( I  know  of  none  except  (Jreenock)  in  which  the 
energy  to  spare  over  and  above  that  devoted  to  bringing  tlu'  water  ti> 
where  it  is  waiUed.  and  causing  it  to  flow  f:ust  eiuuigh  for  tx»nvenien<x" 
at  every  opened  t.ip  in  every  house  or  factory,  is  enough  to  m:\kv  it 
worth  while  ti>  make  arrangements  for  letting  the  wat«>r-|>ower  Ito 
useil  without  wastiuLC  the  water-substan<v.     The  c:i.ses  in  which  water- 
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power  is  taken  from  a  town  supply  are  generally  very  small,  such  as 
working  the  bellows  of  an  organ  or  "  hair  brushing  by  machinery," 
and  involve  simjjly  throwing  away  the  used  water.  The  cost  of 
energy  thus  obtained  must  be  something  enormous  in  proportion  to 
the  actual  quantity  of  the  energy,  and  it  is  only  the  smallness  of  tlie 
quantity  that  allows  the  convenience  of  having  it  when  wanted  at  any 
moment,  to  be  so  dearly  bought. 

For  anything  of  great  work  by  rain-power,  the  water-wheels  must 
be  in  the  place  where  the  water  supply  with  natural  fall  is  found. 
Such  places  are  generally  far  from  great  towns,  and  the  time  is  not 
yet  come  when  great  towns  grow  by  natural  selection  beside  waterfalls 
for  power,  as  they  grow  beside  navigable  rivers  for  shipping.  Thus 
hitherto  the  use  of  water-power  has  been  confined  chiefly  to  isolated 
factories  which  can  be  conveniently  placed  and  economically  w'orked 
in  the  neighborhood*  of  natural  waterfalls.  But  the  splendid  sug- 
gestion made  about  three  years  ago  by  M.  Siemens  in  his  presiden- 
tial address  to  the  Institution  of  Mechanical  Engineers,  that  the 
power  of  Niagara  might  be  utilized  by  transmitting  it  electrically 
to  great  distances,  has  given  quite  a  fresh  departure  for  design  in 
respect  to  economy  of  rain-power.  From  the  time  of  Joule's  exper- 
imental electro-magnetic  engines,  developing  90  per  cent,  of  the 
energy  of  a  voltaic  battery  in.  the  form  of  weights  raised;  and  the 
theory  of  the  electro-magnetic  transmission  of  energy  completed 
thirty  years  ago  on  the  foundation  aiforded  by  the  train  of  experi- 
mental and  theoretical  investigations,  by  which  he  established  his 
dynamical  equivalent  of  heat  in  mechanical,  electric,  electro-chemical, 
chemical,  electro-magnetic  and  thermo-electric  phenomena,  it  had 
been  known  that  potential  energy  from  any  available  source  can  be 
transmitted  electro-magnetically  by  means  of  an  electric  current 
through  a  wire,  and  directed  to  raise  weights  at  a  distance,  with 
unlimitedly  perfect  economy.  The  first  large-scale  practical  applica- 
tion of  electro-magnetic  machines  was  proposed  by  Holmes  in  1854, 
to  produce  the  electric  light  for  lighthouses,  and  persevered  in  by  him 
till  he  proved  the  availability  of  his  machine  to  the  .satisfaction  of  the 
Trinity  House  and  the  delight  of  Faraday,  in  trials  at  Blackwall  in 
April,  1857,  and  it  was  applied  to  light  the  South  Foreland  light- 
house on  December  8,  1858.  This  gave  the  impulse  to  invention  ; 
by  which  the  electro-magnetic  machine  has  been  brought  from  the 
physical  laboratory  into  the  province  of    engineering,  and  has  sent 
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back  to  the  realm  oi'  pure  .science  a  l)eautiful  discovery — that  of  the 
fmulanieutal  priiicijjle  of  the  dynamo,  made  triply  and  inch.'pendently, 
and  a.s  nearly  a.s  may  be  .sinuiltaneonsly,  in  1>S(>7,  by  Dr.  Werner  Sie- 
nien.s,  Mr.  S.  A,  \'arley  and  Sir  Charles  Wheat.stone ;  a  di.scovery 
which  constitutes  an  electro-magnetic  anal<»<;ue  to  the  fundamental 
electrostatic  |)rinfi|)I(!  of  Nicholson's  n'V(»lvin^  doiiblcr,  resuscitated 
bv  .Mr.  ( '.  V.  \ail('V  in  his  insti'unimt  "tor  ^^mfrating  electricity," 
jtaicntcd  in  bSIJO,  and  by  Iloltz  in  his  celebrated  electric  ma<*hine,  and 
by  my.self  in  my  "  rei)lenisher "  for  multiplying  and  maintainini: 
charges  in  Leydcn  jars  for  heterostatic  electrometers,  and  in  the  elec- 
trifier  for  the  .siphon  of  my  recorder  for  .submarine  <-.d)les. 

Tiie  dynamos  of  (iramme  and  Siemens,  invented  and  made  in  the 
course  of  these  fourteen  years  since  the  dis<-overy  ol'  the  fundamental 
j)rinciple,  give  now  a  rea<ly  means  of  realizing  c<'onomicidly  on  a  large 
.scale,  for  many  important  practical  a|)j>licatiofis,  the  old  thermo- 
dynamics <»f  Joule  in  electro-magnetism  ;  and,  what  particularly  con- 
cerns us  n<t\v  in  connection  with  my  present  subject,  they  make  it 
possible  to  transmit  electro  magnetically  the  work  of  waterfalls 
through  long  insulated  conducting  wires  and  u.se  it  at  distances  (»f 
fifties  or  huiuireda  of  miles  from  the  sounv,  with  excellent  economy 
—  better  economy,  indeed,  in  respect  to  projwrtion  ot"  energy  used  to 
energy  dissipated,  than  almost  anything  known  in  ordinary  mechanics 
and  hydratdics,  for  distances  of  hundreds  of  yards  instead  ot'hundre«l> 
of  miles. 

In  answer  to  (piestions  put  to  me  in  May,  l87it,*  by  the  I'arlia- 
mentiiry  Committe  on  Electric  Lighting,  I  gave  a  fornuda  for  c:ilcu- 
lating  the  amoiuit  of  energy  transmitteil  and  the  amount  dissipated  bv 
being  converted  into  heat  nn  the  way,  through  an  insidate<I  copj)er 
conductor  of  any  length,  with  any  given  electro-motive  force  applieil 
to  priKluce  the  current.  Taking  Niagara  as  example,  and  with  the 
idea  of  bringing  its  energy  usefidly  to  Montreal.  Hoston,  New  York 
and  I'hiladelphia,  I  calculate«l  the  fornuda  for  a  distance  of  3(^> 
Jiritish  statute  miles  (which  is  greater  than  the  distance  of  anv  of 
those  four  cities  from  Niag:ira,  and  is  the  radius  of  a  ciix'Ie  covering  a. 
large  and  very  important  part  of  the  Tnitv'!  States  and  British  North 
America),  1  foiuul  almost  to  my  surpri.se  that,  even  with  .S4)  great  a 
distance  to  be  provideil  for,  the  conditions  are  thonuigidv  practii-able 

*  Printed  in  the  Pairliiunontary  Blue  Ikwk  Reiwrt  of  the  Cummittee  on   Electric 

Liiilitinir,  1S79. 
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with  good  economy,  all  aspects  of  the  case  carefully  considered.  The 
formula  itself  will  be  the  subject  of  a  technical  communication  to 
Section  A  in  the  course  of  the  meeting  on  which  we  are  now  entering. 
I  therefore,  at  present,  restrict  myself  to  a  slight  statement  of  results : 

1.  Apply  dynamos  driven  by  Niagara  to  produce  a  difference  <>f 
potential  of  80,000  volts  between  a  good  earth-connection  and  the 
near  end  of  a  solid  copper  wire  of  half  an  inch  (1-27  centimetres)  diam- 
eter and  300  statute  miles  (483  kilometres)  length. 

2.  Let  resistance  by  driven  dynamos  doing  work,  or  by  electric 
lights,  or — as  I  can  now  say — by  a  Faure  battery  taking  in  a  charge, 
be  applied  to  keep  the  remote  end  at  a  potential  differing  by  64,000 
volts  from  a  good  earth-plate  there. 

3.  The  result  will  be  a  current  of  240  webers  through  the  wire 
taking  energy  from  the  Niagara  end  at  the  rate  of  26,250  horse-power, 
losing  5250  (or  20  per  cent.)  of  this  by  the  generation  and  dissipation 
of  heat  through  the  conductor,  and  21,000  horse-power  (or  80  per 
cent,  of  the  whole)  on  the  recipients  at  the  far  end. 

4.  The  elevation  of  temperature  above  the  surrounding  atmosphere, 
to  allow  the  heat  generated  in  it  to  escape  by  radiation  and  be  carried 
away  by  convection  is  only  about  20 ° Centigrade ;  the  wire  being  hung 
freely  exposed  to  air  like  an  ordinary  telegraph  wire  supported  on 
posts. 

5.  The  striking  distance  between  flat  metallic  surfaces  with  differ- 
ence of  potentials  of  80,000  volts  (or  75,000  Daniells)  is  (Thomson's 
"  Electrostatics  and  Magnetism,"  sec.  340)  only  18  millimetres,  and 
therefore  there  is  no  difficulty  about  the  insulation. 

6.  The  cost  of  the  copper  wire,  reckoned  at  8d.  per  lb.,  is  £37,000 ; 
the  interest  on  which  at  5  per  cent,  is  £1900  a  year.  If  5250  horse- 
power at  the  Niagara  end  costs  more  than  £1900  a  year,  it  would  be 
better  economy  to  put  more  copper  into  the  conductor ;  if  less,  less. 
I  say  no  more  on  this  point  at  present,  as  the  economy  of  copper  for 
electric  conduction  will  be  the  subject  of  a  special  communication  to 
the  Section. 

■  I  shall  only  say,  in  conclusion,  that  one  great  difficulty  in  the  May 
of  economizing  the  electrical  transmitting  power  to  great  distances 
(or  even  to  moderate  distances  of  a  few  kilometres)  is  now  over- 
come by  Faure's  splendid  invention.  High  potential — as  Siemens, 
I  believe,  first  pointed  out — is  the  essential  for  good  dynamical  econ- 
omy in  the  electric  transmission  of  ])ower.     But  what  are  we  to  do 
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with   80,000  volts  when  we  have  them  at  the  <-ivili7,e<l  eiul  (»f   the 
wire?      [riiafj:;ine  a  doinestic  .servant  going  to  (hi.st  an  eh-i-tric  hinip 
with  80,000  vohs  on  one  of  its  nietaLs !     Nothing  alxjve  2(M)  v<»lts 
ought  on  any  a<('onnt  ever  to  he  admitted   into  a  hou.s<'  or  ship,  or 
other  place   where  .siifegiiards  against  acei(h'nt  caiuKjt   l>e  made  ah.so- 
lutely  and    forever    trustworthy    against    all    possihility  of  uet'ident. 
In    ;iii   clcctiic  worUslujp,  .S0,(XJO  volts  i.s  no  njore  dangeron.s  than  a 
eireular  .saw.     Till  1  learned  Faure's  invention  I  eould   but  think  of 
.step-down  dynamos,  at  a  main  receiving  station,  to   take  energy  direet 
from  the  electric  main  with  it.s  80,(J00  volts,  and  supply  it  by  .'^.M-ond- 
ary  200-volt  dynamos  or  lOO-volt  dynamos,  thr<»ugh  pro|>er  (hstribnt- 
ing  wire.s,  to  the  houses  and  factories  and  shops  where  it    is  t(»  Im-  n>cd 
for  electric  lighting  and  scwin<j:  machines  and  lathes  and  lifts,  or  what- 
ever other  mwhanism  want.s  driving  power.      Now  tin;  thing  is  t«i   he 
done   much    more    economically,    1    hope,   and    certaiidy    with    much 
greater  simplicity  and  regularity,  by  keeping  a  Faure  battery  of  4(>,0(K» 
cells  always  being  chargetl  direct  from  the  electric  main,  and  ap|»Iving 
a  methodical  system  of  removing  sets  of  50  and  placing  them  dii  the 
town-supply  circuits,  while  other  .sets  of  oO  are  being  regularlv  intro- 
<hiccd   into  the  great    battery  that    is  being  charged,  so  as  to  kwp  its 
number  always   within   oO  of   the  proper  number,   which   would    Iw 
about  10,000  if  the  potential  at  the  emitting  end  of  the  main  is  iSO,UOO 
volts. 

Malleable  Iron. — M.  For(piign«»n  h;ts  publishe<l  an  e.vtensive 
scries  of  researches  upon  malleid>Ie  iron  and  the  re-heating  of  steel. 
Among  other  conclusions  he  attaches  sjKK'ial  imjMtrtance  to  the  fol- 
lowing: 1.  Malleable  iron  always  contains  amorphous  graphite;  '1.  A 
casting  may  lose  carbon  and  yet  remain  brittle  if  the  original  <pianfitv 
of  graphite  is  not  increaseil;  .'i.  A  listing  may  l)ocome  malleable 
without  losing  any  .sensible  porticm  of  its  carl>on ;  4.  If  silicium  is 
atUlcil  to  manganesian  i^istings  they  are  improveii  by  re-heating; 
5.  Hydrogen  and  nitrogen  may  unite  with  the  ciirlmn  of  a  wusting  .m) 
:is  to  make  it  malleable  without  the  pnxluction  of  gmphite;  (j.  The 
l»reaking  lojul  is  always  more  than  (huibUHJ,  .sometime  more  than  quad- 
rupled, l»y  annealing.  It  increa.ses  with  the  dunition  of  the  heaiin<;, 
viiy  rapidly  at  lirst  and  then  very  slowly;  7.  Ductility  genemllv 
increases  with  the  ri'sistant"*'  to  breaking,  but  aftor  a  ivrtain  limit  it 
lias  a  slight  tendency  to  diminish. — Ani\.  </<  Chhn.  d  dr  Phy».  ('. 
WiioLK  No.  Vol.  CXII. — (Third  Seriis,  Vol.  Ixxxii.)  2.^ 
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RADIO-DYNAMICS:   ANOTHER  VERIFICATION  OF 
PREDICTION. 


By  Pliny  Earle  Chase,  LL.D. 

On  the  4th  of  October,  1878,  I  presented  a  communication  to  the 
American  Philosophical  Society,*  in  which  I  showed  that  the  position 
of  Watson's  first  intra-mercurial  planet,  as  computed  by  Gaillot  and 
Mouchez,  represented  the  third  intra-mercurial  term  of  my  harmonic 
series.  At  the  last  meeting  of  the  British  Association,  Prof.  Balfour 
iStewart  read  a  paper  in  which  he  gave  indications  of  sun  spot  disturb- 
ances by  a  planet  revolving  in  24-011  days  and  consequently  having  a 
semi-axis  major  of  '163.  This  confirmation,  both  of  my  own  pre- 
diction t  and  of  the  calculations  of  the  French  astronomers,  is  the 
more  interestino-  because  the  first  confirmation  of  my  series  was  con- 
tained in  a  eomnumication  which  was  made  to  the  Royal  Society,  by 
Messrs.  De  la  Rue,  Stewart  and  Lowry ;  forty-one  days  after  I  had 
announced  the  series  to  the  Philosophical  Society  and  published  it  in 
the  New  York  Tribune. I  The  accordances  are  as  follows: 
1st  interior  harmonic  term,  -267  De  la  Rue,  S.  and  E.,  '267 

,,,.          r  Gaillot  and  Mouchez,  "IBI 

3d       "  '160         A  o.         ^  .^ao 

'-*"  [  fete  wart,  .  .     'loo 


New  Experiments  in  Harmonic  Vibration.  —  Decharme 
mixes  a  little  finely  powdered  minium  in  water  and  covers  a  hori- 
zontal plate  of  glass  with  it  as  uniformly  as  possible.  He  then  lets 
ftiU  upon  this  thin  layer  a  drop  of  the  mixture,  and  there  appears  a 
regular  fio-ure  formed  of  the  minium,  arranged  in  rays  and  concentric 
rino-s,  the  whole  producing  very  various  designs.  The  figures  resemble 
in  manv  respects  the  vibratory  forms  of  circular  plates,  which  he  has 
been  studyino-.  The  three  systems  of  the  Chladni  plates,  the  diame- 
tral circular  and  compound,  are  usually  coexisting,  but  either  one  can 
be  made  to  predominate  over  the  others  at  the  will  of  the  experi- 
menter.—  Comptes  Redus.  C. 

*Proc.  Am.  Phil.  Hoc,  xviii,  34-6. 
t  Ibid.,  xiii,  238. 
X  Ibid.,  p.  470. 
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Radiant  Matter. —  FatlHt-  Srpicri  and  Prof.  Ri^rli,,  lijive  j)uh- 
lished,  in  the  Iicvif<('t  ,Scit'n(ijiro-J)idn.iitriale,!iouni  of  their  ol^scrvat ion.* 
upon  Crooki«'  apparatu.s.  Ferrini  lia.s  rej)eat<Kl  the  exjjerinu'nt.s  and 
j)nl)lishe<l  the  foHowinj;  tlieorv:  On  account  of  the  ve^^'  ^rait  resist- 
ance which,  as  Uittorf  li:us  shown,  i.s  produce*!  under  the  inHuence  of 
a  great  rarefaction  around  tlu;  cjith«Mle,  then;  ari.'s«<  a  powerful  induc- 
tion, and  the  pliosphorescence  of  the  walls  of  the  glohc  indic:ites  tln-ir 
int<Tsecti(»n  with  the  lines  of  force  of  the  electric  field,  whi«-h  i>  nuist 
neatly  circuinscrihed  where  thos(!  lines  are  the  most  eiuTgetif.  The 
giu^eous  molecules  arrange  them.selv&s  along  those  lines  while  trans- 
mitting the  electricity.  The  hlue  pencil,  which  corresponds  to  the 
most  intense  portion  of  the  electric  Held,  represent}*  a  contiimous  dis- 
charge Ixjtween  the  catlunle  and  the  ghuss  which  is  in  front  of  it,  —  La 
LumiPre  Eledrupu .  ( '. 

Phosphorescent    Alumina. — Crookes    \\\\>    experimtntcd    with 
jih(»-|)h<ir<sitiit   >p('(tr:i   in   a   ntarly  perfc<-t  vacuum.      After  operating 
i'oi-  a  long  tiint'  upon  chemically  pure  alumina,  whi<h   had  l>een  prei-i- 
pitate«l   iVom  the  sulphate,  he  noticed  a  curious  phenomenon,      ^\'hen 
the  alumina  was  first  endosetl  in  the  vacuum  it  wa>  of  a  snowv  whitc- 
ne.s.s,  hut  after  having  l>een  exposed  frequently  t(»  the  njolecular  current, 
which   made   it   phosphorescent,  it  gradually  :Lssume<i  a  n»sv  tint,  and 
after  two  years,  when  it  was  exposed   to  the  solar  light,  it  showed  :i 
tra<'e  of  tlie  aluminium    line.      Kepeatetl    moIe<ular  excitement   irnid- 
nally    Wrings    the    am(>r[tlious    p<iwdrr    into    a    crvstalline    form.      If 
ammonia  is  adde<l  in  great  excess  to  a  dilutinl   solution  of  alum  a  part 
<»f  the  alumina  is  precipitated.      If  the  solution   is  then    tilteretl   and 
hoiled,  the  alumina  which  wjui  di.ssolve<l  hy  the  amm  )niac:il  ex(x'.ss  is 
precipitateii.     Separating  it  hy  rtltnition,  igniting  it,  anil  suhmittiui: 
it  to  the  action  of  the  molecular  current,  instiad  of  giving  a  reii  light 
it   ha«<  a  pale  green  phosphores<vnee  which,  when  oxaminetl  with   the 
prism,  shows  no  lines,  hut  simply  a  eoncentnition  of  light  in  the  gntn 
|M>rtion  of  the  sjxH-trunj.      In  .studying  rubies,  of  which   h«'  examine*! 
an  enormous  numher  l)y  his  appanitus,  Cnxikes  had   the  good  fortune 
to  tind  a  single  «'ry.»<tal,  which,  although  it  pn>sente*!   no  ditfenjnce  to 
the  sight,  gJive  a  gn-en   light  under  the  H<'tion  of  the  nioUvular  cur- 
rent.     Phis  grwn   light,  however,  alway.-   luu!  a  trnt-r  of  the  n.'d  line, 
and  if  the  action  of  the  molecular  curn'ut  w:is  iMintinuetl   for  S4ver.il 
minutes  tlie  green  phosphorescence  tadct!  and  a  re»!  tint  w:ls  prinlufei!. 
— Ann.  <fc  Chim.  ft  <lf  l*hiiH.  {J, 
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Radiant  Absorption  of  Carbonic  Acid.  —  By  experiments 
upon  the  absorption  of  radiant  heat  by  gases,  E.  Lechler  finds  that  a 
laver  of  carbonic  acid  917  millimetres  (37  in.)  thick  absorbs  90  per 
cent,  of  the  luminous  radiation.  The  carbonic  acid  of  our  atnios- 
])here  is  therefore  sufficient  fully  to  account  for  the  atmospheric 
absorption  of  the  Sun's  rays. — Ann.  d.  Phydk.  C. 

Illumination  of  Tubes  by  the  Holtz  Machine. —The  Geissler 
tubes  ran  be  illuminated  by  the  Holtz  machine,  but  the  light  is  weak; 
in  order  to  give  it  brilliancy,  condensers  and  frequent  interruptions  of 
the  current  are  required;  if  stratifications  are  desired  it  is  neces.sary  to 
interpose  resisting  media.  Most  of  the  experiments  Avith  the  Crookes 
tubes  can  be  performed  with  the  Holtz  as  well  as  with  the  induction 
coil.  Some  of  the  experiments,  however,  which  require  very  strong 
coils,  are  not  very  satisfactory:  such,  for  example,  as  the  luminous 
cross,  the  repulsion  of  two  rays  of  radiant  matter,  and  the  incandes- 
cence of  platinum. — Les  Mondes.  C 

Constitution  of  Comets.  —  M.  Prazmowski  concludes,  from 
observations  since  1858  by  the  spectroscope  and  polariscope,  that 
comets  are  formed  of  a  condensed  portion,  which  constitutes  the 
nucleus,  surrounded  by  an  incandescent  gaseous  atmosphere,  which 
contains  carbon  and  reflects  the  solar  light,  and  of  a  swarm  of  disag- 
gregated material  which  is  not  controlled  by  the  cometary  attraction 
but  moves  in  obedience  to  universal  attraction.  In  some  comets  the 
polarization  of  the  light  is  strongly  marked,  while  in  others  it  is 
almost  wholly  absent.  In  the  latter  case  he  compares  the  structure 
to  that  of  atmospheric  clouds. —  Comptes  Rendus.  C. 

Connection  between  Refraction  and  Absorption  of  Light. 

— Ketteler  has  conducted  an  extensive  .series  of  experiments  in  order 
to  prove  his  hypothesis  that  the  refraction  and  absorption  of  light  are 
due  to  the  same  physical  laws.  In  order  to  strengthen  his  results,  he 
tested  each  both  by  spectral,  metric  and  photometric  methods,  and  thus 
was  able  to  show  a  very  satisfactory  accordance  between  the  refraction 
and  absorption  curves.  Each  class  of  constants  was  found  to  exhibit 
the  same  relations  to  the  concentration  of  the  liquids  which  were 
experimented  upon,  and  he  regards  the  experiments  as  conclusively 
establishing  the  identity  which  is  assumed  in  his  hypothesis. —  Wiede- 
mann's Annalen.  C. 
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WouKiNc;  J)iiAWiN<;.s  and  How  to  Make  and  Usp:  Them, 
designed  for  Industrial,  Technical,  etc..  Schools  and  Artisans  desir- 
in<;  a  knowledge  of  the  j)rinci|)les  of  Pattern  and  Tcniplat*-  niakin;^. 
J}y  Lewis  M.  Ilaupt,  Professor  of  Civil  Kutrineeriiitr  in  the  I'ni- 
versitv  of  Pennsylvania,  etc.  I'inio.  i^hiladclphia:  Jos.  M.  Stod- 
dard c^r  Co.      18«1. 

Mr.  Editor: — Having  l>een  absent  from  the  city,  I  have  oidy  ja«t 
received  the  August  number  of  the  Journal,  which  contains  a  review 
(»f  my  recent  little  book  on  "Working  Drawings,"  et<-.,  and  tts  your 
author  has  manifestly  misunditrstood  my  preface  or  read  it  hastily,  I 
desire  to  correct  some  of  the  erroneous  impressions  his  review  must 
create,  to  the  jirejudice  of  the  work. 

He  states  first  generally  that  "  Engineers  and  ma.ster  mechanics  *  * 
have  been  amazed  that  even  gnuluates  of  technical  and  scientific 
schools  ffenei-alfy  come  to  them  with  entirchj  erroneous  methods  of 
fhoitf/ht*  and  practice." 

W  this  statement  Itc  true,  then  the  system  of  instruction  in  our 
scientific  and  technical  schools  generally  must  l)e  <^ut  of  gear,  from  the 
use  of  pre.«<ent  standard  authorities,  not  the  b<M»k  inider  review,  as  that 
has  not  yet  been  introiluceil,  and  it  is  time  the  .schools  should  know  it 
and  change  their  .<5ystem;  but  1  have  heanl  no  complaint  in  that  direc- 
tion, and  our  graduates  seem  to  have  no  ditticnlty  in  making  drawings 
that  are  readily  nndersto<xl.  At  al!  events,  no  school  shouKl  teach 
errors,  and  if  our  system  be  such  we  hoj)e  to  In?  convinced  of  it  that  a 
change  may  be  iinme<liately  effected. 

Tn  the  second  j>aragraph  your  reviewer  states  that  "  The  title  and 
preface  of  this  book  give  the  impression  that  the  author  Ikls  done  a 
good  work  in  pi*esenting  a  plan  by  which  «idet  engineers  can  l)0  grad- 
uated capable  of  entering  the  dnuighting  nM)m  and  IxMUg  immetliately 
useful,"  etc. 

If  such  an  impression  is  created  by  a  careful  reading  of  the  |>rotace 
I  must  confess  that  I  need  to  study  how  ti>  writ*-  c«orre«'tlv,  for  I  have 
distinctly  stattnl  therein  that  the  i)0(>k  was  designe<l  espe«'iallv  t'or  the 
Very  lowest  gnide  of  si'holars  i':ipai)le  of  o>mprehending  the  subjtvt. 
viz.,  those  in  the  jMiblic  sclunds,  and  that  this  book  was  but  the  first 
■of  a  series  and  was   intended  simply  as  a  test  of  the  ability  of  the 

*T!io  it.ilii-s  .in'  niv  own. 
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Student  to  comprehend  the  principles  which  underlie  the  science  of 
making  drawings.  Yet  notwithstanding  this,  your  reviewer  expects 
to  find  in  this  little  volume  of  55  pages,  sold  for  60  cents,  and  the 
first  one  of  a  series,  sufficient  instruction  to  give  a  draughtsman  a 
"  technical  knowledge  of  scales,  pencils,  instruments,  inks  and  colors, 
manual  skill  to  use  them  with  neatness  and  dispatch ;  and  with  some 
experience  of  the  best  American  practice  in  regard  to  the  making  of 
working  drawings,  such  as  the  relative  arrangement  of  different  views, 
the  avoiding  of  unnecessary  repetitions,  the  judicious  use  of  sections, 
coloring  and  shade  lines,  and  particularly  with  a  knowledge  of  the  best 
distribution  of  dimension  lines  and  figures  and  with  a  neat  and  clear 
style  of  making  them.  An  examination  of  the  text  will  fail  to  con- 
firm this  impression.  Instead  of  being  the  connecting  link  between 
theory  and  practice,  it  is  based  entirely  on  the  theory  of  Descriptive 
Geometry  and  is  in  direct  opposition  to  the  practice  of  American  and 
English  engineers." 

Concerning  these  objections  I  have  only  to  say,  1st,  that  it  is  a  waste 
of  printer's  ink  to  attempt  to  describe  instruments  and  the  manner  of 
using  them  in  books  when  the  same  information  has  already  been 
repeated  so  frequently  and  when  a  few  hours  of  practical  instruction 
by  a  competent  draughtsman  would  be  worth  more  than  any  amount 
of  description;  2d,  that  it  seems  unreasonable  to  expect  the  whole  of 
a  serial  work  to  appear  in  its  first  volume  and  to  condemn  the  remain- 
der unseen ;  3d,  that  I  cannot  conceive  of  a  working  drawing  that  is 
not  "based  entirely  on  the  theory  of  Descriptive  Geometry"  or  pro- 
jections, intersections  and  developments;  and,  4th,  that  the  last  objec- 
tion is  only  partially  true,  since  but  a  small  percentage  of  "  American 
and  English  engineers"  use  any  other'  than  the  system  of  projections 
represented  in  the  work  in  question. 

Your  reviewer  uses  the  word  engineer  in  a  restricted  sense,  evi- 
dently meaning  only  mechanical  engineers,  and  forgets  that  civil  engi- 
neers, architects  and  mining  engineers,  as  well  as  many  mechanical 
engineers  use  precisely  the  methods  given  in  this  work.  Also  by  far 
the  greater  number  of  foreign  countries  teach  and  use  the  same 
method,  and  in  conforming  to  it  I  have  simply  followed  the  precedents 
of  the  great  bulk  of  instructors  and  constructors  in  this  and  other 
countries. 

Your  reviewer's  next  paragraph  conveys  the  idea  that  I  have  set  uj) 
a  claim   for  originality   in   introducing  the   theory  of  projections  as 


Nov.,  1881.]  Book  Xotices.  391 

applied  to  working  drawings,  and  <juote.s  Davics'  old  work  ari  a»  prece- 
dent. \ow,  a-s  to  tlii.s  work,  we  instructors  think  it  verbose  and 
wearisome,  and  prefer  the  more  concise,  logical  anil  clearer  demonstra- 
tions of"  the  late  distinguished  Prof.  Church  as  tending,  more  than 
any  other  method,  to  develop  intellectual  (.'onception.s  and  this  is  the 
uieth<xl  I  have  followed  in  this  little  hook.  I  make  n<»  such  claim, 
but  simply  the  adapUitiou  of  the  sul>icct  to  public  .s-lund  instructi<»u. 

As  a  man  of  science  becomes  skilled  in  his  profession,  it  is  only 
natural  that  he  should  apparently  ignore  first  principles  and  soar 
higher  with  great  ease,  but  as  to  the  "  best  engineers  having  long  since 
discarded  these  theories  and  methods,  with  their  diedral  angles,  ground 
lines,  projections,  traces,  etc.,"  I  must  beg  leave  to  doubt.  The  prin- 
ciples are  there,  and  must  remain  in  u>c  in  every  case  just  a.< 
nmch  as  the  foundations  of  a  house  nmst  remain  under  it,  alth(»ugh 
un.seen.  Because  these  i)rinciples  are  exceedingly  simple  to  an  expert 
it  does  not  follow  that  they  do  not  need  elaboration  for  the  l)eginners, 
to  whom  they  are  entirely  new.  To  them  they  must  be  presented  in 
every  phase,  so  that  they  may  Ix;  well  groimded  in  principles,  as  every 
teacher  can  testify. 

Your  reviewer  states  again  that  "A  subject  so  simple  as  the  making 
of  a  working  drawing  *  *  should  not  be  put  in  the  form  of  problem, 
theorem,  analysis  and  construction,  but  should  l)e  bitseil  on  the  ex|K.'ri- 
en<-e  of  eminent  engineers,"  etc.  But  upon  what  is  the  exj)erieuce  of 
an  engineer  ba.^e<J ,  j f  not  upon  ju.>;t  such  a  logical  course  of  rea.<oning? 
Must  he  not  know,  tirst,  that  he  desires  to  create  something,  to  accom- 
plish a  certain  end?  This  is  liis  problem  or  theorem.  Must  he  not 
then  analyze  the  machine  or  building,  studying  (-arefuUy  the  relations, 
))roportions  and  operations  of  its  sevenil  parts?  This  is  the  analysis. 
.\nd,  tiually,  after  his  conception  is  clear  on  the  subject,  and  he  luus 
resolved  it  out  in  his  brain,  then,  and  »»nly  then,  «ui  he  procetxl 
to  represent  and  constrnrt  it.  And  this  is  his  con>tru«'tioii.  This 
logical  {jroittnling  must  occur  in  every  well-disciplineil  mind;  and  it 
is  the  function  of  the  teacher  to  ilevelop  it  as  rapidly  as  jMvssible. 
Hence  the  use  of  mathematics,  and  the  reason  why  gtKxl  mathe- 
maticians are  generally  ext^llent  logicians  and  successful  engineers. 

So  far  as  I  can  disct>ver  from  the  review  lH.'fore  me,  the  whole  weight 
of  the  objection  to  the  l)ook  under  consiileration  consists  in  the  fact 
that  whilst  a  very  large  numl)er  of  draughtsmen  ret^ognize  and  use  the 
methoil  of  projecliny  the  face  to  1k^  drawn  ujK»n  a  plane  placet!  behind 
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it,  a  few  prefer  to  make  the  drawing  upon  a  transparent  plane  held  in 
front  of  it.  This  is  the  sole  difference;  and  because  your  critic  is 
accustomed  to  the  latter  method  he  says  that  "a  book,  like  the  one 
under  review,  which  teaches  obsolete  methods  and  incorrect  techni- 
calities, must  certainly  be  misleading  and  injurious  to  the  people  whom 
it  was  intended  to  benefit," 

As  this  is  a  broad  and  public  assertion,  apparently  sanctioned  by  so 
high  an  authority  as  the  Franklin  Institute,  I  desire  to  know  for  the 
benefit  of  the  future  mechanics  and  engineers  who  may  receive  instruc- 
tion from  technical  and  scientific  schools,  if  there  is  a  standard  of 
modern  methods  in  existence  where  it  is  accessible  to  modern  instruc- 
tors, and,  if  not,  I  respectfully  suggest  that  it  would  be  eminently 
proper  for  your  Committee  on  Science  and  the  Arts  to  see  that  this 
important  defect  be  supplied,  and  to  recommend  the  abolition  of  such 
works  as  Church's  "Descriptive  Geometry,"  AVarren's  "Projection 
and  Machine  Drawing,"  Mahan's  "Industrial  Drawing,"  Binn's 
^'Orthographic  Projections,"  Watson's  "Descriptive  Geometry,"  and 
many  others  from  the  scientific  schools  of  the  country  as  tending  to  teach 
errors,  and  to  mislead  and  confuse  students,  and  to  cause  to  be  pre- 
pared a  properly  recognized  and  authenticated  standard  for  use  by 
engineers  of  every  description,  whether  civil,  mechanical,  mining, 
architectural  or  toi^ographical. 

Very  respectfully  yours, 

Li?wis  M.  Haupt. 


Elementary  Projection  Drawing,  Theory  and  Practice. 
By  S.  Edward  Warren,  C.E,  Fifth  edition.  Revised,  and  with 
a  new  division  on  the  Elements  of  Machines.  8vo.  New  York: 
John  Wiley  &  Sons.     1880. 

If  this  well-known  book  were  properly  revised  and  printed,  so  that  it 
would  be  studyable,  it  would  be  highly  useful.  The  greater  portion  of 
it  is  printed  from  old  and  worn-out  plates,  and  the  folding  sheets  of  illus- 
trations are  not  only  extremely  unsuitable  for  reference,  but  in  many 
cases  absolutely  indecipherable.  A  work  so  filled  with  "primes"  and 
"seconds"  should  be  at  least  well  printed. 

The  first  division  is  on  Elementary  Projections,  and,  while  very 
thorough,  the  treatment  is  as  complicated  and  artificial  as  the  lettering 
is  illegible. 

The  second  section  (details  of  Masonry,  Wood  and  Metal  Construe- 
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tioiis)  is  very  scant  in  its  treatment  of  the  variou-  lonns  of  tiniljer 
joints.  Thus,  we  woukl  expect  to  find  the  various  single,  double, 
oj)en,  full  and  blind  mortise  antl  tenon  joints  clearly  laid  out,  and  blind 
and  false  dowelinj^,  and  dovetailed  and  keyed  mitei-s  shown.  Piston 
iod  j)ackin<;  is  scantily  treated,  and  from  an  ancient  point  of  view. 

In  the  third  division  (Elementary'  Shadows  antl  Shading)  lies  tin- 
real  merit  (jf  the  book. 

The  fourth,  on  Isometrical  aiid  (Jblicpie  i'rojections,  is  well  handle<i, 
the  chapter  on  Oblique  or  Pictorial  Projection  being  siiecially  interesting. 

The  new  fifth  division,  on  Elements  of  Machines,  is  disai»}>ointing, 
especially  in  relation  to  gearing.  For  instance,  the  instructions,  page 
132,  for  construction  of  spur  wheels,  would  be  veiy  obscure  even  if 
Plate  XVII,  to  which  they  refer,  were  decipherable. 

The  sixth  division,  on  Simple  Structures  and  Machines,  is  very  fair 
as  a  review  of  j)ractice. 

Altogether,  we  cannot  help  wishing  that  an  author  of  such  well-known 
al)ility  as  I'rof.  M  arren  had  carcfidly  revisctl  the  text,  so  as  to  put 
it  within  the  comprehension  of  those  not  his  equals  in  such  mattei's,  ami 
that  the  publisher  had  been  more  liberal,  not  to  say  exacting,  in  the 
matter  of  illustrations.  R.  G. 


'I'm:  Ekjuke  of  thk  Eakth.  An  Intrcxluction  to  (ieixlesy.  Jiy 
Mansfield  Merriman,  Professor  of  Civil  Engineering  in  Leiiigh 
University.     12mo.     John  Wiley  &  Sons,  New  York. 

This  little  book  of  88  pages  has  no  other  pretension  than  that  ut' 
being  an  intrtKluction  to  a  course  of  study  in  gecxlesy,  its  substance 
iteing  largely  foimd  in  some  familiar  talks  on  "  the  size  and  shaj>e  of  the 
earth,"  delivered  before  the  students  of  civil  engineering  at  the  Ix.'high 
Iniversity.  Mr.  Merriman  calls  attention  to  the  t:u-t  that  the  science 
of  geodesy  would  never  have  existeil  lunl  we  continuwl  in  the  ancient 
paths.  The  history  is  given  of  the  early  attempts  for  the  determinin<: 
of  the  si/e  of  the  earth  from  the  time  of  Anaximander  ( — o7U)  «lown 
to  till'  present  date,  as  the  eiirliest  measurements  were  made  in  the 
.sidditr,  the  size  of  which  not  l)eing  known,  the  n»m{>;irisons  l)etween 
the  ancient  and  the  UKKlern  results  c^iimot  l>e  made.  The  earth  has 
been  considereil  :is  a  spheroid,  ellij>soid,  ovaloid  antl  as  a  geoitl.  and 
arguments,  pro  and  con,  for  these  slmjtes,  jvs  well  as  tlie  general  nian- 
ner  of  determining  important  i)rt)j)erties  t>f  the  same,  have  at  variou> 
times  occupietl  the  ctuisidcration  t)f  sjivants.  L.  S.   W. 
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Franklin    Institute. 


Hall  of  the  Institute,  Oct.  19th,  1881. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  99  members  and  32  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
announced  that  at  the  last  meeting  of  the  Board  21  persons  were 
elected  members  of  the  Institute ;  also  that  a  vacancy  existed  in  the 
Board,  caused  by  the  resignation  of  Mr.  Chabot. 

Mr.  Graif  moved  that  the  regular  order  of  business  be  suspended, 
and  that  we  proceed  to  make  nominations,  which  was  carried. 

Mr.  Graff  nominated  Mr.  W.  H.  Thorne.  There  being  no  other 
nominations,  the  Secretary,  upon  motion  of  Mr.  McKean,  was  directed 
to  cast  the  Institute  ballot  for  the  gentleman  above  named,  and  the 
President  thereupon  declared  him  elected  for  the  unexpired  term  of 
Mr.  Chabot. 

Mr.  Lloyd  Wiegand  described  William  Nelson  Barrow's  improve- 
ment in  moulding  balls,  shot  and  shell,  the  machine  and  some  of  its 
products  being  exhibited.  The  purpose  of  the  invention  is  to  produce 
articles  of  perfectly  circular  form  and  of  exact  dimensions  by  casting, 
and  without  recourse  to  grinding  or  any  other  finishing  process.  Two 
objects  are  to  be  served — one  to  reduce  the  cost  of  production,  the 
other  to  leave  the  product  with  its  hard  outer  skin,  thus  making  it 
more  durable.  The  castings  exhibited  were  said  to  be  accurate  within 
one  one-hundredth  part  of  an  inch  and  were  balls  (used  without  grind- 
ing or  dressing)  to  draw  lap-welded  tubes  over.  The  causes  of  imper- 
fect castings  are  mainly  in  the  imperfection  of  the  sand  mould  in  form 
and  the  rapping  or  jarring  of  the  pattern  to  disengage  it  from  the  sand 
which  renders  the  mould  perceptibly  larger.  Barrow's  moulding 
machine  dispenses  with  the  rapping,  the  pattern  being  withdrawn  from 
the  sand  by  mechanism  which  guides  it  accurately  in  its  motion  from 
the  sand  and  holds  the  latter  by  a  plate  fitting  around  the  pattern  so 
as  to  prevent  displacement.  To  avoid  the  imperfections  due  to  the 
ordinary  method  of  venting,  the  plates  in  Mr.  BarroAv's  machine  have 
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channels  or  chain bcrs  into  whicli  tlie  rammer  cannot  raich.  Vonting 
needles  pass  through  these  channels,  and  are  withdrawn  with  the  i)at- 
tern,  leaving  the  sand  loose  in  the  channels,  thongh  closely  coni|>acte<l 
around  the  pattern.  The  core  rests  entirely  in  the  lower  part  or  Ixjt- 
toni  of  the  niouhl,  is  centered  therein  by  its  form,  and  constitutes  the 
cover  or  cope  of  the  mould,  so  that  the  possibility  of  nialadju.stment 
is  avoided.  The  machine  as  descriljed  has  i>een  in  use  for  more  than 
a  year,  and  tlu;  exhibited  castings  were  taken  indiscriminately  fnun 
stock.  The  invention  can,  of  coui-se,  Ik'  applie<l  to  the  prrxhiction  of 
projectiles  for  ordnance. 

J(jiin.ston's  Air  Conipre.s.sor  wxs  shown  in  operation.  The  object  ot 
this  invention,  the  Secretary  .stated,  is  to  enable  air  to  bo  compressed  in 
an  econoniicid  manner,  and  with  less  friction  and  loss  of  power  than 
has  heretofore  l)een  done.  It  consi.sts  of  a  fixed  shaft,  with  a  cylin- 
drical (iasing,  inclosed  at  its  ends  and  journaleil  upon  the  shaft,  pro- 
vided within  its  upper  portion  with  valve  chambers,  that  ajntiiin  inlet 
and  outlet  valves,  and  extend  downward  to  the  u|)j>er  side  of  tin* 
shaft.  Also  a  tixetl  partition,  which  extends  between  the  lower  side 
of  the  partition  and  the  lower  wall  of  the  casing.  Water  fills  the 
lower  half  of  the  ciusing,  which  is  then  auised  to  t)s<-illate  ujwn  the 
shaft,  the  movement  in  ejich  direction  being  continue<l  until  the  front 
walls  of  the  valve  chaml)er  are  nearly  horizontal,  and  impinge  upon 
the  surface  of  the  water. 

The  front  inlet  valve  in  the  direction  of  the  movement  will  U* 
closed,  and  the  outlet  valve  of  the  sanie  side  oj>ened,  ;u>-  the  valve 
chambers  approach  the  water-line,  and  air  contained  l)etween  the  for- 
mer and  the  surface  of  the  water  will  i)e  forced  into  the  outlet  cham- 
i)er  and  into  the  disi-harge  pil>e,  the  pressure  being  goverueil  by  the 
relative  quantity  j)ermitted  to  escape. 

While  the  air  is  expelled  from  one  side  of  the  wising  it  is  admittei) 
to  the  oj)posite  side  through  the  inlet  chandxir,  the  alternate  filling 
and  dis<'harging  l)eing  caused  bv  the  oscillation  of  the  c:ising. 

In  consefpience  of  the  practical  incompressibility  of  tin*  water,  it 
presents  a  solid  Uviring  against  which  the  air  is  compresstnl  by  the 
downward  movement  of  the  valve  chambers,  which  iH'rform  in  thi> 
i*es{>ect  the  office  of  a  solid  piston.  The  office  of  the  pirtitiou  is  to 
hold  the  water  stationary  and  j>revent  it  from  oscillating,  ;lx  would 
otherwise  \vc  the  case. 
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When  a  high  pressure  is  desired  two  or  more  compressors  may  be 
placed  upon  the  same  axis,  the  second  one  taking  the  compressed  air 
from  the  first,  etc.,  the  degree  thus  obtained  being  governed  by  the 
number  used. 

To  keep  down  the  temperature  of  tlie  compressed  air  a  small  stream 
of  water  may  be  admitted  with  the  air  supply,  the  surplus  being 
passed  out  with  the  air  discharge,  and  afterwards  separated  therefrom 
in  a  receiver. 

The  casing  can  be  driven  by  means  of  a  connecting  rod,  journaled 
at  one  end  upon  a  crank-pin,  from  the  head  of  the  casing,  while  the 
other  end  of  the  connecting  rod  is  journaled  upon  the  crank  of  the 
engine,  although  any  other  way  of  giving  an  oscillating  motion  may 
be  adopted. 

The  mechanism  can  also  be  used  as  a  pump,  or  for  exhausting  gas 
or  air  from  mines,  etc.  When  used  as  a  pump  the  cylinder  is  sul)- 
merged,  or  if  above  the  water  a  suction  pipe  is  connected. 

Mr.  Johnston,  having  been  called  upon,  gave  a  further  explanation 
of  liis  invention.  In  reply  to  inquiries  of  Mr.  Nystrom,  he  said  that 
the  water  did  not  get  hot,  and  that  no  packing  was  needed,  as  the 
rapid  oscillations  gave  no  time  for  the  water  to  pass  the  loose  fitting 
partition. 

Mr.  Wiegand  said  that  he  had  found  water  packing  used  to  seal 
pistons  on  compound  pumps,  for  compressing  nitrous  oxide,  and  for 
compressing  gas  used  in  cars  of  the  Pennsylvania  Eailroad,  very  effi- 
cient. 

These  pumps  are  similar  to  Mr.  Johnston's  compressor,  in  that  the 
cylinders  move  and  the  pistons  are  stationary,  leaving  the  water  undis- 
turbed. All  the  packings  are  continually  covered  with  water,  and  the 
pressure  for  the  compression  of  nitrous  oxide  reaches  as  high  as  860 
to  900  pounds  to  the  square  inch,  with  no  injurious  heating.  John- 
ston's Universal  Shaft  Coupler  was  also  exhibited. 

Bennor's  Automatic  Seal  Trap,  which  was  shown,  has  a  mercury 
seal  joint  and  induction  and  eduction  pipes,  the  latter  enlarged  so 
as  to  hold  a  considerable  body  of  water.  About  a  pound  and  a  half 
of  mercury  is  used  in  the  trap.  When  the  mercury  is  overbalanced 
by  the  water  it  spreads  on  an  inclined  platform  forming  the  bot- 
tom of  the  chamber,  thus  allowing  the  water  and  matter  flowing  from 
the  basin  or  sink  to  pass  freely  through  the  exit  pipe,  after  which  tlie 
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iiM  rciiry  returns  to  its  former  jK>sition  and  re-establishes  tlie  al)s<jliite 
seal.  The  high  specific  j^ravity  <*t'  the  mercury  is  relie<l  uixjn  in  pre- 
vent any  biick  pressure  of  gas  from  overcoming  tlie  se:il  and  also  to 
prevent  syj)honage  and  the  evaporation  that  Uikes  place  in  an  ordinary 
water  seal  trap  when  not  in  use  during  the  summer  months. 

Kemble's  Lubricator  for  Wheel  Hubs,  also  shown,  has  an  oil-<  up 
made  in  the  form  of  a  threade<l  tube,  holding  a  supply  of  oil  an<l 
intende<l  to  be  screwed  into  the  carriage-box,  thus  bringing  the  oil  in 
contact  with  the  axles. 

Dr.  Xorris  exhibited  a  new  spectrum  tube  sent  to  him  by  (^uecn  vV 
( 'o.,  so  arranged  as  to  permit  the  observer  to  look  at  the  spectrum  of 
a  gas  from  end  to  end,  thus  increasing  the  intensity  of  the  light  ovtr 
that  shown  by  the  ordinary  tubes,  which  are  placed  vertically  and 
looked  at  tmnsversely.  The  Secretary  state<l  that  in  a  diflicult  c:ir- 
i)on  spectrum,  'M  lines  were  shown  by  the  new  tubes,  all  bright,  while 
with  the  old  forms  only  eight  could  be  distinguishe<l,and  it  wa<  cal<Mi- 
late<l  a  hundred  times  more  light,  nearly,  was  obtiiineil. 

Several  other  inventions  were  exhibited,  among  them  being  the  fol- 
lowing :  II.  J.  Sills'  Blotter,  a  tk'xible  metal  pad,  with  a  convenient 
means  of  changing  the  slips  of  blotting-paper ;  Archer's  chair  for  the 
use  of  physicians,  which  can  be  easily  changed  from  one  oi'  ordinarv 
height  to  a  reclining  lounge  or  put  in  any  intermtnliate  position  ;  and 
the  Auburudale  metallic  thermometei*s  which,  in  several  weeks'  test 
at  the  Institute,  kept  within  half  a  degrw  of  a  standard  thermometer 
through  a  range  in  temperature  of  from  thirty  to  forty  degnvs;  al>o 
a  se<'tion  of  the  conduits  used  on  Market  street  by  the  National  I'nder- 
ground  Electric  Comj)any.  The  necessary  trench  to  be  dug  is  about  4 
feet  deep  by  IS  inches  wide  and  the  bottom  and  sides  to  \h}  usiil  are 
linetl  with  hydraulic  cement.  The  tubes  are  made  of  tinnetl  iron 
about  two  inches  in  diameter  anil  are  in  convenient  lengths,  regulatetl 
l>y  the  size  of  the  sheets  of  tin  solderwl  t<»gether.  liands  of  tarnil 
paper  are  wrappeil  around  the  tuluisto  prevent  them  from  touching  and 
to  allow  the  spaces  between  tlu'm  to  be  tilkil  with  the  insulating  mate- 
rial, which  is  a  composition  of  as|)haltum  antl  slag.  The  tul)es  an- 
twenty  in  number—  laid  in  tour  rows  of  live  each, one  al)ove  the  other 

and  each  tube  will  hold  a  miiuber  ot"  insulate*!  wires.  The  work  is 
completeti  with  concrete  on  the  top,  fdling  in  of  e:\rth,  pjwing,  etc. 
^[anholes  are  constructed  at  each  sipiare  tor  any  ne<.vss;irv  repjn'r^. 

Mr.  Robert  Grimshaw  roiul  a  pa}>er  on  the  application  of  frictional 
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electricity  to  the  purification  of  middlings,  illustrated  by  drawings  of 
the  "electric  purifier"  thrown  upon  the  screen.  He  first  described 
briefly  the  old  processes  of  milling,  in  which  the  middlings,  although 
among  the  most  valuable  products,  could  not  be  utilized  as  flour  because 
they  could  not  be  cleaned  of  bran  and  other  impurities,  and  then 
described  modern  milling,  in  which  the  object  is  to  get  as  many  mid- 
dlings as  possible.  These  middlings  have  to  be  purified,  and  for  this  pur- 
pose various  kinds  of  wind  separators  have  been  employed  and  recently 
the  electrical  purifier,  of  which  drawings  were  exhibited.  In  these  ma- 
chines frictional  electricity  is  used — hard  rubber  rolls,  electrically 
excited,  attracting  to  their  surfaces  the  fine  bran  and  lighter  impurities 
from  the  middlings  as  the  latter  pass  under  them.  The  bran,  etc,  is 
then  swept  from  the  rolls  by  cushions,  while  the  purified  middlings 
are  graded  by  passing  through  the  sieves  on  which  they  are  carried 
beneath  the  rolls.  One  great  advantage  of  the  electric  over  the  wind 
purifiers  is  that  they  get  rid  of  the  danger  of  dust  explosions,  always 
present  in  mills  that  use  currents  of  air  for  lifting  the  lighter  impuri- 
ties from  the  middlings.  This  apparatus  has  been  in  operation  in  the 
Atlantic  Mills,  Brooklyn,  for  a  year,  and  the  proprietors  say  that  it 
saves  them  from  ten  to  twenty  cents  on  every  barrel  of  flour. 

Mr.  Wm.  V.  McKean  offered  the  following  resolution,  which  was 
adopted  : 

"  Whereas,  attention  has  been  called  by  the  Randolph  Street  Mill 
fire  to  the  subject  of  adequate  fire  escapes  on  tall  buildings,  and  to 
real  or  supposed  dangers  attending  the  lighting  the  mills  by  elec- 
tricity; and,  whereas,  it  is  desirable  that  mill-owners  should  be 
informed  of  the  best  means  of  preventing  such  fires  and  of  affording 
means  of  escape  for  their  operatives ; 

^^ Resolved,  That  the  President  be  authorized  to  appoint  two  commit- 
tees, one  to  investigate  and  report  upon  dangers  incident  to  electric 
lighting,  if  any,  and  the  means  of  overcoming  them,  and  the  other  to 
examine  and  report  upon  the  principles  which  should  govern  the  erec- 
tion of  fire  escapes  and  lifts  or  elevators  in  new  buildings  and  in  those 
now  erected." 

Mr.  McKean  said  that  he  particularly  desired  to  have  the  com- 
mittee on  fire  escapes  appointed  as,  although  the  law  required  the 
erection  of  such  escapes,  there  was  at  present  no  guide  as  to  what 
constituted  a  safe  escape.  He  was  satisfied  in  his  own  mind  that 
iron  ladders  were  unsuited  to  the  use  of  women  and  children,  and 
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thought  it  important  tn  have  the  whole  stibjei't  carefully  oonsirlered 
by  buiKh-rs  and  j)mctical  men,  so  that  i)roj)erty  owners  might  b<- 
given  a  reliable  guide  as  to  what  they  ouglit  to  ereet. 

Mr.  Robert  (Jrimshaw  seconded  the  resolution,  and  suggeste<l  tliat 
(•levator  shafts  be  also  <'onsidere<l  by  the  committee  on  fire  es<xnK'S, 
which  suggestion  wjus  accepted  by  Mr.  McKean  and  his  resolution 
amended  in  accordance  therewith.  Mr.  (xrimshaw  said  that  the  iron 
ladders  would  be  very  likely  in  winter  to  prove  j)racticallv  useless. 
At  the  best  of  times,  only  workmen  use<l  to  descending  ladders  could 
<,'scapc  by  them;  but  when  cold  enough  to  take  the  skin  of  the  palm 
out  of  one's  hands,  or  when  covered  with  ice,  most  people  wr)uld 
pref(!r  to  jum|)  from  the  windows  i-athi'r  than  run  the  risk  of  descend- 
ing by  them. 

The  resolution  was  unanimously  adopted,  and  the  l*re.>iident  after- 
wards apjminted  the  following  committees: 

On  Electric  LUjhtiiy/. — Dr.  H.  E.  Rogers,  Dr.  C  M.  (  resson, 
David  Brooks,  Alex.  K.  ()uterl)ridge,  Jr.,  W.  W.  Griscom,  E.  Alex. 
Scott,  Prof.  E.  J.  Houston. 

On  Fire  Kscdpvx  (uxJ  Ehvatorx. —  W'm,  Ji.  Bement,  John  Baird, 
R.  K.  Jk'tts,  Frederick  (irafl',  C\  H.  Jianes,  Strickland  Kne;i.ss,  Prof 
Wm.  D.  Marks,  Henry  G.  Morris,  J.  B.  Lippincott. 

The  f(jllowing  memoir  of  Henry  Cartwright,  the  late  Vice  Pre.s- 
ident,  pre[)ared  by  Mr.  Washington  Jones,  was  read  bv  the  Secretarv: 

"  It  is  with  sorrow  that  I  aiuiotuice  to  you  officiallv,  the  death  of 
our  late  fellow-memlier  and  N'ice  President,  Henrv  Cartwright,  which 
occurred  through  an  accident  early  in  Julv  last.  .Mr.  ('artwri"-ht 
was  for  many  years  an  active  and  inHueiUial  member  of  the  Frank- 
lin Institute,  one  of  its  managers  and,  since  Januarv,  1880,  one  of 
its  \'ice  Presidents. 

"  Tn  the  discharge  of"  the  duties  imjH>se«i  bv  the  j)osition  to  which 
you  had  chosen  liim  \w  was  prompt  and  et!icicnt,  an<i  he  williiii^lv 
gave  his  time  and  abilities  t(»  promote  the  interests  of  the  Institute. 
In  the  delil)enitions  of  the  (\)mmitt»v  on  Science  an<l  the  .Vrts.  ot" 
which  he  was  a  valueil  memU'r  of  long  stauiling,  he  alwavs  bore 
part,  and  his  judicial  mind  and  hi-  matur.'*!  judgment,  csikhnmIIv 
upon  mechani<'.-d  sul»ie<'t>,  aided  in  the  formation  of  jimt  c«»nclusi()ns. 
As  a  presiding  ofhcer,  he  maintained  the  diginty  of  the  chair  bv 
calm  :Mid  courteous  demeanor  and  impartiality  in  rulini:.  Conuncn- 
cing  his  career  as  a   machinist,   he  simii  enlarginl   his  sphere  of  um  - 
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fulness  by  engaging;  in  the  construction  of  water  works  to  supply 
Buffalo  and  other  cities,  and  by  the  designing  and  erection  of  work.s. 
for  the  manufacture  of  illuminating  gas.  He  was  also  one  of  the 
engineering  firm  which  contracted  to  cut  the  now  famous  tunnel 
through  the  Hoosac  Mountain  for  the  passage  of  the  Boston  and 
Albany  Railroad.  Upon  his  retirement  from  that  work,  he  became 
Vice  President  of  the  American  Meter  Company  and  devoted  his 
time  and  attention  to  the  manufacture  of  meters  and  other  details 
required  by  gas  works  for  distribution.  More  recently  he  Mas 
appointed  Secretary  and  Treasurer  of  a  large  coal  mining  company-  in 
the  western  part  of  this  State,  and  it  was  in  its  service  that  he  met  his 
death,  whilst  in  the  prime  of  life,  in  robust  health  and  cheerful  anti- 
cipations of  the  future.  In  all  these  varied  occupations  he  possessed 
such  excellent  business  qualifications,  energy  and  tact  as  to  insure  suc- 
cess. With  his  associates  in  private  life  he  was  even-tempered  and 
agreeable,  speaking  ill  of  none,  but  with  a  kind  word  for  all.  They, 
as  well  as  we,  will  miss  him,  for  'He  was  a  man  among  men.'" 

The  following  resolution  was  offered  by  Mr.  McKean  and  unani- 
mously adopted : 

"  Resolved,  That  the  members  of  the  Institute  have  heard  with  deep 
and  sincere  regret  of  the  death  of  Henry  Cartwright,  at  the  time  Vice 
President  of  the  Institute;  and  that  the  memoir  presented  by  Mr. 
Washington  Jones  be  entered  upon  the  minutes  as  an  expression  of 
the  feelings  and  judgment  of  the  Institute  upon  the  occasion." 

The  President  announced  that  maps  prepared  by  the  Coast  Survey 
and  published  by  the  government  had  been  mounted,  arranged  in 
order  and  catalogued,  so  as  to  make  them  available  for  the  use  of 
members  and  the  public.  He  called  attention  to  the  matter  that  those 
who  might  have  use  for  the  maps  should  know  that  they  were  in  the 
library  and  in  condition  for  ready  examination. 

]Mr.  Mitchell  presented  plans  of  buildings  recently  erected  in  Boston 
l)y  the  Mechanics'  Institute  there,  and  said  that  he  hoped  the  Frank- 
lin Institute  members  would  consider  the  practicability  of  building 
8ome  such  structure  in  Philadelphia.  In  this  Connection,  he  suggested 
the  desirability  of  having  the  central  part  of  the  International  Exhi- 
bition Building  preserved  and  re-erected  on  a  block  of  ground  in  a 
suitable  location. 

On  motion,  the  Institute  adjourned. 

Isaac  Norris,  M.D.,  Secretary. 
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Tla-  (•(iiiuiiittcr,  to  whom  was  retl-nvtl  the  question  ol"  "  tin-  tianijers 
incident  to  electric  li<i;litiii<i-,  if  any,  and  the  means  ot'  overconiin"- 
them,"  respeetfidly  repoi't  tts  t'oHows,  vi/. : 

That  from  a  oaiTlnl  consideration  ul'  the  evidence  suhmitted  thev 
believe  that  the  use  of  electricity  :is  an  ilhuuinant,  as  now  i^enerallv 
employed,  is  not  attiiidcd  with  any  dano^ei's,  either  to  person  or  prop- 
erty, that  cannot  he  ohviated  l>y  the  adoption  of  the  precaution.s  here- 
inafter set  forth. 

In  oriler  that  the  reasons  which  give  rise  to  the  necessitv  for  these 
precautions  may  he  the  more  thoroughly  uiuK-rstcKHl  hv  the  general 
pul>lic,  for  whom  they  are  designed,  the  committee  believe  that  the 
following  statements  of  the  genei-al  princi[)les  involved  in  systems  of 
electric  lighting  as  now  practiseil,  may  not  be  amiss. 

There  are  two  systems  of  electric  lighting  now  in  gener-.d  use,  viz. : 
the  "  incandescence  system  "  and  the  "  arc  system." 

In  the *' incandescence  system"  an  eleotricjd  current,  Howing  through 
a  thin  wire  of  platininn,  or  other  difficultly  fusible  metal,  or  through 
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a  thin  filament  of  carbon,  heats  it  by  incandescence  to  nearly  a  white 
heat,  by  reason  of  the  resistance  it  offers  to  the  passage  of  the  currents. 

In  the  "  arc  system  "  an  electrical  current  flowing  from  one  rod  of 
hard  carbon  to  another,  heats  the  rods  sufficiently  to  cause  a  stream  of 
carbon  vapor  to  pass  between  them.  This  vapor,  heated  to  intense 
whiteness  by  the  electricity,  forms  what  is  known  technically  as  the 
''  voltaic  arc." 

In  the  "  incandescence  system  "  it  is  necessary,  in  order  to  prevent 
the  rapid  destruction  of  the  wire,  or  carbon  filament,  to  surround  it 
completely  by  a  glass  globe  or  cover  from  which  all  the  air  has  been 
removed.  In  this  system,  therefore,  external  objects  cannot  come  into 
contact  with  the  source  of  light. 

In  the  "  arc  system  "  it  is  not  necessary  to  exclude  the  atmospheric 
air  from  contact  with  the  carbons,  or  electrodes  as  they  are  sometimes 
called.  Arc  lights  are,  therefore,  burned  in  the  open  air.  They  are 
generally  much  brighter  than  incandescent  lights  and  are,  in  practice, 
usually  surrounded  by  a  globe  of  glass,  in  order  to  lessen  the  intensity 
of  the  glare.  They  can,  however,  be  placed  in  a  globe  from  which  all 
the  air  has  been  removed,  since  the  light  produced  is  not  dependent  on 
the  burning   of  the  carbon  electrodes — that  is,  on  their  combustion. 

The  source  of  the  electricity  employed  in  all  systems  of  lighting  is 
the  dynamo-electric  machine.  This  machine  produces,  more  cheaply, 
a  current  whose  properties  are  similar  to  the  current  obtained  from 
the  ordinary  voltaic  battery. 

In  the  dynamo-electric  machine,  mechanical  energy,  derived  from 
a  steam  engine,  water  wheel,  or  any  other  suitable  source,  is  converted 
directly  into  electrical  current.  The  change  of  mechanical  into  elec- 
trical energy  is  obtained  by  the  motion,  past  powerfid  magnets,  of  % 
number  of  coils  of  insulated  wire  wrapped  on  a  core  of  iron.  The 
core  so  wrapped  is  called  the  armature.  The  armature  moves  close  to 
the  poles  of  the  magnets  already  referred  to,  but  does  not  actually 
touch  them.  There  is,  therefore,  no  friction  in  the  dynamo-electric 
machine  as  in  the  ordinary  electrical  machine.  The  attraction  of  the 
magnet  poles  tends  to  hold  the  armature  in  fixed  positions.  Mechan- 
ical power  is  required  to  move  it  out  of  such  positions,  and  when  so 
exerted  is  converted  into  electrical  currents  which  flow  through  the 
coils  of  wire  on  the  armature. 

The  current  in  the  armature  flows  alternately  in  different  directions 
through  the  wire  wound  thereon.      It  is  generally  caused  to  flow  con- 
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stantly  in  one  and  the  same  (lirecti(»n  I)y  means  of  a  contrivance  called 
tlie  commntator. 

The  curn-iit  so  pi-odnccMl  tlows  out  of  th*-  machine,  through  a  con- 
ducting wii-c,  into  and  thimiuh  a  ninnl)er  of  lamps  placed  at  suitable 
points  in  the  length  of"  the  wire,  and  fnially  through  a  continuation  of 
the  wire  hack  to  the  machine 

The  j)ath  of  the  ciii-i-eiit  from  the  machine  to  the  lamp,  and  out  f)f 
the  lamj)  hack  again  to  the  machine,  is  known  technically  as  an  "elec- 
tric circuit." 

Any  conductor  is  .siid  to  l»e  |)laced  in  an  electric  circuit,  or  to  form 
part  of  an  electric  circuit,  when  it  is  so  arranged  that  the  current  from 
the  machine  or  battery  cruising  the  electricity  ctui  How  through  it  and 
))ack  again  tf>  the  j>lace  where  the  current  was  pnKluce<l.  'J'hat  is, 
anything  placed  in  an  electric  circuit  forms  |)art  of  the  conducting 
j)ath  through  which  the  cui-rent  is  circulating. 

Dynamo-electric  machines  are  now  made  t<»  furnish  verv  jjowerful 
currents;  currents  capahle  of  sustaining  fifty  or  more  arc  light-  in 
one  circuit  or  line.  Such  currents  recjuire  care  in  their  management, 
and  judgment  in  their  introduction  into  huildings  or  ]>ul)lic  j)lace«;  for 
purposes  of  illumination. 

Fortunately,  however,  the  currents  produced  l>v  dvnamo-ilcctric 
maciiines  have  some  |)roperties  viry  ditl'erent  from  those  j)nMluc(Ml  l>v 
the  ordinary  frictional  machine.  The  former  ])ossess  little  or  no 
])(twer  of  leaping  fr(»m  one  conductor  to  anothi'r  acro.-s  an  intci-vtning 
non-conductor,  such  for  examjile  as  air;  the  latter  can,  a.s  is  well 
kuinvn,  readily  so  pass,  often  through  .several  feet  or  more  of  dry  air. 

Tile  currents  from  dynamo-i'lectric  machines, or  theciuTents  emplove<l 
in  systems  of  electric  ligliting,  are  not,  therefore,  at  all  comparable  to 
strokes  of  lightning,  to  which  they  have  often  Imh-u  ignorantly  likeni'd. 
Lightning  discharges  freipiently  j)a.ss  through  miles  of  air,  but,  even 
in  the  largest  machines,  the  carbons  employe*  1  in  arc  lamp.-  mu<t  fir-t 
be  biought  into  contact  and  afterwards  separatetl,  before  the  arc  is 
established  and  the  current  passes  between  them.  The  current  will 
not,  in  fact,  liaj)  through  the  air.  The  momentary  contact  of  the  two 
carbons  devi'lo|)s  suHicieiit  heat  to  form  a  cloud  of  rarbon  vaj>or 
between  them,  and  thisiloud,  being  an  ekrtrical  conductor,  permits  the 
current  to  pa.ss. 

When,  however,  the  cloud  of  vapor  is  once  I'Stabli.shetl  Ix-twirn  the 
two  carbons,  it  will   continue   to  j»ass  until    the  c-arbous  are  sufticientiv 
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and  so  for  any  other  proportion.  In  other  words,  the  currents  will  be 
consumed  to  cause  the  distance  between  them  to  become  too  great  to 
be  bridged  over  by  the  vapor.  While,  therefore,  the  current  pos- 
sesses little  or  no  power  of  so  leaping  through  air,  yet  it  is  necessary  that 
no  opportunity  be  afforded  it  to  form  such  conducting  clouds  between 
it  and  neighboring  conductors.  A  brief  mention  of  some  of  the  ways 
in  which  such  clouds  may  be  formed  will,  therefore,  be  of  practical 
importance. 

If  two  bare  metallic  wires,  conveying  powerful  electrical  currents 
from  different  sources,  be  brought  into  contact  and  then  gently  sepa- 
rated, a  cloud  of  metallic  vapor  may  be  formed  between  them,  as  in 
the  case  of  the  carbon  electrodes. 

Or  if  any  portion  of  a  bare  wire  be  brought  into  contact  with  one 
part  of  a  metallic  conductor,  and  a  distant  part  of  the  same  wire  again 
touches  this  conductor,  an  arc  of  flame  may  be  established  between 
the  wire  and  the  conductor. 

To  speak  more  generally,  if  any  conducting  material   be  placed  in, 
or  form  a  part  of  the  electrical  circuit,  and  from  any  cause  a  moment- 
ary break  be  made  between  it  and  the  rest  of  the  circuit,  an  arc  of 
flame  may  result. 

As  these  arcs  of  flame  are  very  hot,  their  occurrence  should  be 
carefully  prevented  in  all  places  except  between  the  carbon  electrodes 
in  the  lamp. 

Dangers  of  this  character  may  be  entirely  avoided  by  carefully 
insulating  all  the  wires  which  carry  the  electrical  current  into  or  out 
of  the  building  or  space  to  be  lighted. 

The  comparatively  feeble  leaping  power  of  the  currents  developed 
by  dynamo-electric  machines,  as  already  referred  to,  does  not,  however, 
necessitate  any,  very  high  degree  of  insulation  for  the  wires.  What- 
ever the  character  of  the  insulation  employed,  care  should  be  exercised 
to  insure  its  being  preserved  intact  on  all  parts  of  the  wire.  The 
removal  of  the  insulation  from  but  a  few  points  of  the  wire  miglit 
cause  a  dangerous  discharge  at  such  points. 

When  two  different  paths  are  open  to  the  current,  it  will  flow  through 
both  such  paths.  If  these  paths  are  of  different  conducting -powers, 
more  current  will  flow  through  the  path  which  is  the  better  conductor. 
If  one  of  the  paths  be  twice  as  good  a  conductor  as  the  other,  twice 
as  much  current  will  flow  through  it.  If  it  be  a  hundred  times  a 
better  conductor,  a  hundred  times  more  current  will  flow  through  it; 
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<lividcd  between  llic  (litlereiit  patli-  in  jn-oportimi  t<»  tlieir  conflnctin}; 
powers, 

.Snj)j»o.s(',  now,  that  two  ditferent  portions  of  an  electrical  ein-nit  1m- 
hrid^^cd  over  by  any  conductin^jj  material.  Say,  tor  exainph-,  that  a 
wire  from  a  line  of  telegraph  or  tcK'idionc  falls  across  a  line  of  elec- 
trical condnctiiiL;;  wires,  so  as  to  c<)inie<-t  the  wire  carrying  the  cnrrent 
from  the  machine  with  a  j)art  of  the  wire  carrying  the  current  hack  to 
the  machine.  If  such  electrical  conducting  wire  be  uninsulated,  a  series 
of  ero.ss  contacts  would  thus  be  formed,  and  two  different  paths  Ik? 
opened  to  the  current.  Since  the  conducting  power  of  the  short  wire, 
forming  the  cross  circuit,  wouM  probably  be  far  greater  than  that  of 
the  |)ortion  of  the  circuit  with  its  included  lamp,  the  greater  part  of 
the  current  thus  "cut  out"  or  '*  short  cireuittHl"  would  pas«;  through 
the  cross  wire,  either  fusing  it,  or  drawing  danireruu>  ares  of  thune 
when  the  contacts  were  at  times  but  i)artial. 

'J'his  danger  may  be  entirely  obviated  by  insulating  the  wire.  It  is 
therefore  j)referable  to  insulate  all  [>arts  of  the  wires  that  lead  either 
from,  or  to  the  machines  producing  the  current. 

1 1'  ihr  innnan  body  be  accidentally  j)laced  in  the  circuit,  the  partial 
or  entire  pas.sige  of  the  current  through  it  may,  if  the  machine  Ik- 
powerful,  causi'  instant  death,  (tr,  il"  the  maehine  be  of  .^mailer  size, 
j)roiliice  a  j)ainful  slioeU. 

r>ut  to  enable  the  current  so  to  pass,  the  IxmIv  must  l>e  placc«l  in  ilu' 
circuit  of  the  machine,  that  is,  the  current  must  be  able  to  enter  the 
body  at  one  point,  and  to  pa.ss  out  and  back  to  tiie  circuit  from 
another  point,  or,  in  otlu-r  words,  a  break  nnist  be  ma<le  in  the  wire, 
and  the  IkhIv  inserted  in  this  break. 

Here  again  the  dilference  between  the  current  from  dynamo-electric 
machines  and  inun  the  eommon  tVictioual  machine,  is  to  be  i*;irefullv 
noted.  Mer«'ly  touehing  any  j)art  (»f  a  ehari^tnl  conduct<tr  of  a  fric- 
tional  electrical  machine,  will  completely  tlisi-harge  it.  the  jh-i-sou  con- 
ducting the  discharge  through  his  body  to  the  groimd.  A  pei>ou  touch- 
ing any  j)art  of  a  bare  conducting  wire,  while  it  is  convi'ving  a  |h»w- 
I'rful  electrical  curnnt,  sui'h  as  use«l  in  systems  of  lighting,  wouhl  not 
■convey  the  dis<'harge  through  his  Ixnly  to  the  ground,  U'^^iuse  he  would 
not  be  placol  in  the  circuit.  He  has  simply  provide<l  a  place  for  the 
current  to  enter,  but  none  for  it  to  flow  through  him  and  back  to  the 
machine  whence  it  originate«l. 

Should,  however,  one  portion  of  the  wire  touch   the  gn>und  in  anv 
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place,  especially  where  it  is  wet,  then  his  feet  might  be  connected 
through  the  damp  ground  with  another  part  of  the  circuit,  and  two^ 
paths  thus  be  opened  to  the  current,  with  the  chances  of  a  dangerous 
portion  thereof  passing  through  his  body. 

To  guard  against  dangers  of  this  character  it  is  necessary  to  thor- 
oughly insulate  the  wire  in  all  places  where  it  is  liable  to  be  touched. 
It  is  far  preferable  to  establish  a  continuous  metallic  line  of  conduct- 
ors both  to  and  from  the  machine,  rather  than  ground  the  wires,  and 
so  necessitate  the  current  to  pass  through  the  earth  in  order  to  flow 
back  to  the  machine. 

During  the  burning  of  lamps  of  the  arc  type  fragments  of  highly 
heated  carbon  sometimes  become  splintered  from  the  electrodes  and 
fall  below.  To  avoid  danger  from  this  source  a  cup  should  be  placed 
below  the  electrodes  to  receive  any  fragments  that  may  fall. 

It  would  follow,  from  the  principles  thus  briefly  enunciated,  that 
there  may  arise  two  kinds  of  dangers  from  the  employment  of  power- 
ful electrical  currents  for  the  purposes  of  artificial  illumination,  viz. : 
Dangers  to  property  from  fire ;  and  dangers  to  life.  With  the  excep- 
tion of  that  due  to  falling  fragments  all  these  dangers  may  be  readily 
and  completely  avoided  by  properly  and  thoroughly  insulating  the 
wires  that  carry  the  current  to  and  from  the  machine,  while  that  due 
to  falling  fragments  may  be  easily  avoided  by  the  means  above  pointed 
out. 

In  order,  however,  to  particularize  these  diflerent  kinds  of  dangers,, 
and  to  point  out  more  especially  the  proper  remedy  for  the  avoidance 
thereof,  the  committee  recommend  that  the  following  precautions  be 
taken  in  all  cases  where  electric  lighting  is  employed,  viz, : 

1st,  That  the  conducting  wires  leading  into  and  out  of  the  building 
be  suitably  insulated  throughout  their  entire  extent,  both  to  and  from 
the  machine  producing  the  current. 

2d.  That  an  inspection  be  made  at  suitable  intervals  to  determine 
whether  or  not  the  insulation  has  been  preserved  intact. 

The  insulation  may  become  impaired  by  the  following  causes,  viz, : 

By  the  wires  being  cut  by  the  staples  or  hooks  used  in  securing  the 
conducting  wires  in  position. 

By  the  wires  being  placed  in  positions  subject  to  abrasion,  either  by 
chafing  with  another  wire,  or  from  any  other  cause. 

By  the  wires  turning  sharp  bends,  or  by  being  sharply  bent  by  any 
cause  whatever. 
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.'»(l.  riiat  cuiuliictor^  I'oniKtl  <•('  miiiR-nm>  sli«»rt  pieces  ut*  wire  Ik; 
avoided  as  far  as  possible,  aii<l  that  wiiere  their  use  is  necessary  tlie 
joined  ends  Ik.*  made  as  seenre  as  possihh*  hy  wrapping,  so  :l<  to  prevent 
short  arcs  heinix  formed  at  imperfect  jiuictions,  should  the  joined  en<ls 
Ix'  partiaiiv  sejiarated  from  ea<'h  other. 

Iili.  rii.it  the  wires  he  not  grounded,  that  is,  that  no  attempt  Ik? 
made  to  cause  the  current  to  pass  hack  to  the  machine  throu^rh  tin- 
ejirth,  hut  that  a  continuous  line  of  wire  he  provichnj,  thmiiLdi  whi<li 
the  current  shall  so  return. 

In  order  that  this  prec-.iutiou  may  he  etHitive,  the  wir»-s  .-liould  nut 
he  carrietl  near  m«'talli<'  IxKlies  like  lines  of  shaftinir,  '><>r  gjus  nor  water 
pipes,  heciuise  an  accidental  contact  of  the  conductor  with  any  of  these 
w<»uld  etfectually  ground  that  part  of  tin-  wire.  \\  hen-  it  is  neeessarv 
that  the  wire  cross  such  metallic  hiMlies,  it  is  advisdde  that  tin-  insn- 
lation  he  madi'  hetter  than  usual  at  such  juncti:)ns. 

olh.  That  the  ready  occiuMvuce  ot"  cross  contacts  or  >hort  circuit-  hf 
avoided,  as  ioll(»ws,  vi/.. : 

That  the  condu<'tin^  wires  from  ditlereut  machines,  or  from  ditlerent 
parts  of  the  sjune  machine,  he  kept  as  far  apart  sts  convenient,  and 
never,  e.\cei>t  when  necessu'y,  U-  brought  nearer  together  than  the  dis- 
tance between  the  two  hindin<r  posts  on  anv  electric  lam|)  used  in  the 
circuit. 

That  therefore  the  wire  leadiui;  tVnm  the  machine  into  the  room  to 
be  liiihti'd  should  leave  the  room  as  tar  as  conveiiieru  iVom  the  place 
it  enters. 

That  the  wire-  be  seciu'elv  fixeil  in  jtosition  and  Iw  not  allowe<l  to 
sai;  or  bend  in  wide  curvt's,  except  where  it  is  ne<issarv  to  jK^-mit  the 
raisiui;  or  lowerin*j  of  th«'  lamp. 

That  judgment  be  exen'ise<l  in  selectinir  the  |M»rtion- of"  the  buildiiiir 
in  which  to  run  the  wires.  To  secure  as  far  :ts  jKissible  tin*  alisence  «»f 
nutisture,  ceilinj^s  are  to  be  |»referretl  to  walls  or  floors,  the  latter 
bein<!;  hii;hly  objectionable,  uidess  the  will's  are  placcti  under  the 
fltK>rinjr.  As  before  state<l,  the  ItK'jition  selecttni  should  Ik-  removeil  as 
far  as  possibK'  from  metallic  conductoiv.  Sdect  the  places  Ktist  liable 
to  be  rendered  partially  conductiu!;  bv  moi.-ture  t'rom  anv  sonn**',  in 
which  to  run  the  wire-. 

«)th.  That  the  conduotini;  wiixs  Ik'  of  sutHcient  size  to  c:»rrv  the 
most  powerfid  current  employetl  without  dani:erous  h«'Jitinc, 

7th.     To  avoid    the  danger  to  life  from    the  auidental   dis4'liarge 


408  Fire  Escapes.  [Jour.  Frank.  Inst., 

of  the  curreut  through  the  body,  the  conducting  wires  should 
in  all  cases  convenient  be  placed  out  of  reach,  either  by  choice  of  loca- 
tion or  the  use  of  heavy  and  guarded  insulation. 

8th.  That  where  lamps  of  the  arc  type  are  used,  they  be  covered 
with  a  globe  of  glass,  and  that  the  lower  end  of  such  globes  be  fur- 
nished with  a  cup  or  pan  for  retaining  any  heated  fragments. 

The  committee  believe  that  if  these  precautions  be  taken  electric 
lighting  can  be  thoroughly  safe  and  reliable,  and  that  all  dangers 
attending  its  use  can  l)e  entirely  obviated. 

R.  E.  Rogers,  M.D.,  Chairman. 

Charles  M.  Cresson,  M.D. 

David  Brooks. 

E.  Alex.  Scott. 

Edwin  J.  Houston. 

Isaac  Norris,  M.D.,  Sea-etary. 


REPORT  OF  COMMITTEE  of  the  FRANKLIN  INSTITUTE 
ON  FIRE-ESCAPES  and  ELEVATORS.   ^ 


Your  committee  appointed  "to  examine  and  report  upon  the  prin- 
ciples which  should  govern  the  erection  of  fire-escapes  and  lifts  or  ele- 
vators in  new  buildings  and  on  those  now  erected,"  respectfully  report 
that  they  have  held  four  meetings,  have  examined  a  large  number  of 
models,  designs  and  plans  submitted  to  them  by  inventors,  have  indi- 
vidually examined  means  of  escape  now  provided  in  many  mills, 
hotels,  etc.,  and  after  a  full  discussion  of  the  subject  have  reached  the 
conclusion,  that  while  it  is  impossible  to  specify  any  particular  form 
of  escape  applicable  to  all  buildings,  they  can  nevertheless  lay  down 
some  general  principles  that  should  govern  the  erection  of  stairways 
and  other  fire-escapes. 

As  a  general  rule,  applicable  to  all  buildings,  the  main  reliance 
should  be  placed  upon  stairways  in  daily  use,  for  the  obvious  reason 
that  the  occupants  of  a  building  instinctively  seek  such  an  escape  in 
case  of  fire,  that  they  are  familiar  with  it,  and  that,  being  in  daily  use, 
it  is  reasonably  certain  to  be  unobstructed  and  to  have  the  apjiroaches 
to  it  clear.  For  these  reasons,  and  because  a  stairway  is  usually 
broader  and  easier  to  descend  than  any  special  contrivance  such  as  a 
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ladder,  j)iv>hal)ly  ten  times  as  many  persons  can  escaj>e  hv  a  sUiirwav, 
in  a  given  time,  tlian  can  descend  by  any  form  of  ladder  or  stairway 
used  exclusively  as  a  fire-escape. 

iStairwavs,  however,  as  ordinarily  ('()nstriu'led,  are  liable  to  Ix'  cut  otl" 
l)v  smoke,  or  hv  fire  itself.  The  l)e>t  plan  to  make  them  safe  in  this 
]):irtii-iilar  is  to  have  two  or  more  stairways  accessil)le  from  every  room, 
se])arated  therefrom  by  a  hroad  air  space  hut  connected  l»y  hrid^res  at 
each  story.  These  stairways  and  bridges  shoidd  be  incombustible  and 
the  stairways  enclosed  in  brick  walls.  This  j)lan  may  easily  In* 
adoj)ted  in  a  group  of  mills  and  even  where  the  stairways  in  existing 
mills  do  not  answer  all  the  desire<l  conditions,  the  building  «)f  britlges 
connecting  isolated  buildings  will  add  to  the  safety  of  the  operatives. 
Where  there  is  a  single  building  with  sufficient  yard  space  to  permit 
the  construction  of  stairways  in  isolated  brick  towers,  ai)j»roached  l»y 
bridges  from  each  flour  of'  the  mill,  the  same  si/.stcm  of  firt_'-es<"ape> 
can  be  aj)i)lied. 

In  single  buildings  in  the  closely  built  ])arts  of  the  city,  where  tiie 
bridge  system  cannot  be  applied,  the  first  and  most  relial)le  means  of 
escape  is  an  internal  stairway  or,  preferai)ly,  two  stairways,  one  at 
each  end  of  the  building.  They  should  be  entirely  enclosed  in  brick 
walls  (fire  walls)  and  be  built  of  in<'omI)Ustible  materials.  Their 
safety  will  be  increased  if  they  start  from  the  ground  tl<M>r  and  are 
entirely  shut  otfl)y  stone  or  brickwork  from  the  cellar.  The  danger 
of  smoke  entering  them  in  such  vohuue  as  to  make  them  useless  will 
be  lessened  if  the  neccssiuy  doorways  by  which  communiratioij 
is  had  with  the  rooms  on  ejich  fioor  l)e  made  low  and  close<l  by 
iron-encasetl  wo(Klen  doors,  closing  automatically,  but  always  free  to  In- 
o|>ened  by  j)ressure  from  within.  Circular  stairways  should  be 
avoided,  and  straight  stairways,  with  turns  at  each  finor,  should  also 
have  half  landings  to  make  rapid  descent  le.s><  dangerous. 

In  a  building  occupying  the  wh(»le  of  the  availabk*  htt,  i)Ut 
which  is  large  enough  to  admit  of  the  construction  (»t"  two  stair- 
ways, one  at  each  end,  almost  absolute  s;ifety  with  internal  stairway> 
can  be  siH-urcnl  by  the  following  plan:  Build  both  stairways  of  incom- 
bustible'materials,  substaiuially  ;is  heretofore  dt^-riluHl,  i)ut  have  no 
openings  whatever  to  one  of  them  from  the  interior  of  the  structure. 
The  sbiirwav  leadinjr  into  the  nxmis  would  be  use<l  for  the  onlinarv 
]iurposcs  of  business,  both  for  ingress  and  egrt'ss.  The  «ither  stairway 
should   have  openings  t<»   exfcrwif  balconies   on  each  floor,  extending 
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over  one,  two  or  more  windows  of  the  main  building.  In  the  event 
of  fire,  both  stairways  could  be  used,  if  smoke  did  not  obstruct  the 
one  opening  into  the  mill ;  but  if  that  were  cut  off  from  any  cause,  all 
the  occupants,  by  j)assing  out  on  the  balconies,  could  enter  the  other 
brick-enclosed  stairway  which,  having  no  direct  connection  with  the 
I^uilding,  would  not  be  liable  to  be  cut  off  by  either  flames  or  smoke. 

For  the  class  of  buildings  which,  by  reason  of  their  small  size,  can 
have  only  one  internal  stairway,  some  form  of  external  escape  is 
needed,  for  it  should  be  laid  down  as  a  rule  that  one  stairway  or  one 
means  of  escape,  however  good  in  itself,  cannot,  in  the  nature  of  things^ 
insure  safety.  It  must  always  be  liable  to  be  cut  off  by  fire  or  smoke. 
Every  additional  means  of  escape  gives  an  increase  of  safety ;  but  two^ 
if  widely  separated,  and  of  themselves  good,  may  reasonably  be 
deemed  sufficient  in  buildings  not  large  enough  to  permit  the  erection 
of  more. 

Of  tlie  many  devices  for  external  means  of  escape  none  that  have 
been  submitted  to  your  committee  can  be  recommended  for  all  pur- 
poses, though  several  have  merit  and  may  be  absolutely  necessary  in 
some  buildings.  Your  committee  believe  that  an  external  means  of 
escape  should  be  of  the  nature  of  a  stairway,  not  of  a  chute,  nor  an 
elevator  of  any  kind,  nor  a  car  to  be  lowered  and  hoisted  to  high 
windows,  nor  any  other  kind  of  apparatus  dependent  upon  moving 
parts  which  are  liable  to  be  out  of  order  when  wanted,  especially  when 
used  only  on  rare  occasions.  The  objection  to  the  chute  form  of 
apparatus  is  that  it  is  an  unusual  means  of  egress  in  which  terrified 
people  could  place  no  confidence. 

The  stairway  forms  of  escape  include  ladders  of  all  kinds,  but  the 
straight  ladder  exposed  to  the  weather  is  the  most  objectionable  form, 
because  womeii  and  children  can  make  little  use  of  it,  and  in  winter 
time  it  might  be  dangerous  and  practically  useless  even  to  experienced 
climbers. 

A  modified  form  of  the  straight  ladder,  which  is  set  away 
from  the  wall  so  that  the  latter  gives  support  to  those  who  are  des- 
cending and  which  also  has  side  guards  to  prevent  one  from  fall- 
ing, is  an  improvement  on  the  ordinary  straight  ladder  set  against 
the  wall.  The  stairway-ladder,  running  obliquely  down  a  building 
and  furnished  with  a  hand-rail,  is  also  superior  to  the  straight  ladder, 
but,  to  make  it  at  all  safe,  some  light  will  have  to  be  sacrificed  in  most 
mill  buildings,  for  it  should  not  cross  open  windows  and  thus  be  liable 
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to  be  cut  (ill'  1)\'  tIaiMc-  i»i"  -iiKiUc  tVma  :i  lower  story.  It  ^^L'^ln■^  «lesini- 
ble  that,  in  aiiv  fortii  of  ladWcr  or  stairway  exi>osc(l  to  the  weather 
and  Imilt  <A'  iron,  the  treads  should  In-  flat,  ec>vere<l  with  a  lifrht  strip 
of  wood  and  |)erforated. 

One  other  form  of  externalhidder  escape  snl)niitt<<l  to  us  had  the 
ladder  itself,  together  with  its  balconies,  susjwndiHl  from  a  rail  under 
the  cornice,  so  as  to  permit  it  to  traverse  the  buildintr  and  Ik.' tixeil  oppo- 
site any  set  of  windows  which  mit^ht  hap|)en  to  olfer  the  l>est  chance 
of  escape,  \\'hile  this  device  is  (tpen  to  tlie  ^enenil  objection  of  Ix'ing 
movable,  and  therefon-  liable  to  be  out  «»f  order  when  wanted,  this 
objection  is  not  of  much  weii;ht  since,  in  its  normal  ])osition  without 
Ix'ing  moved,  it  is  ready  for  service  and  may  l»e  rc'ranU'd  as  a  fixture. 
It  is  as  jjood  as  a  fixed  ladder  of  similar  form  if  not  move<l,  and  it 
iiu;/hf\)c  better  than  a  fixed  ladder  if  its  position  coidd  Ix*  shifte<l. 

^'otu'  committee  does  not  feel  called  upon  to  decide  as  to  the  rela- 
tive merits  of  these  ladders  to  be  u-^ed  as  external  means  of  e.s<':ii>e^ 
turther  than  to  p(»int  «»ut  what  are  re<rarikHl  as  their  ijenend  merits 
and  defects,  for  the  reason  that  they  reijard  the  manner  of  constructini^ 
inicrnal  stairways  in  daily  use  as  of  paramoinil  imi)ortance,  and  l(M>k 
upon  all  extraordinary  means  of  escape  :ls  <»f  compar.itively  little 
value.  They,  nevertheless,  reco;;nizc  the  fact  that  external  means  of 
escape  may  be  absolutely  necessary  for  some  buildin»rs,  and  therefore 
-it  down  as  piinciples  to  jjovern  their  erecti<»n  that  they  should  U*  of 
stairway  form  (includini;  in  this  cate<^ory  ladders),  that  thev  should  Iw 
carried  U|>  to  the  ronf  cif  the  buildin<r  to  permit  »'S(-ape  in  that  direc- 
tion, that  they  should  be  crecte<l  on  the  pii-rs  of'  i»uildin<rs  and  in  no 
case  cross  open  windows,  or  windows  not  permaueutlv  cIoschI  bv  shut- 
ters, and  that  llie  treads  of  the  ladders  shoidd  U*  flat  and  iniveretl 
with  some  material,  such  :us  wi>«hI,  not  :is  likelv  as  ii-on  to  In*  covertnl 
with  ice  or  made  slippery  by  snow  in  winter  time. 

It  has  been  su«;irested  ihat  adjoinin-,;  buildinir-;  in  the  closelv  built 
parts  of  the  city  mi«;ht  be  |)rovided  with  external  mean<  «»f  csctiiH-  bv 
the  erection  of  i>alconies  t-onncctiuLr  the  window-  of  ditlerent  build- 
iuirs  ou  each  floor.  It'  a  tire  (H-curred  in  one  buiKHn<;,  its  «hx-u- 
pants  ct)uld  ir«»  by  the  balconies  into  the  other  ami  i-st-tiiK*  bv  its 
stairway,  shut  off  from  tin-  fii*e  by  the  dividing  wall.  It  would  l>e 
necessiiry,  of  ("ourse,  for  the  «>wners  and  (HHupants  of  such  adjoining^ 
structures  to  consent  to  having;  this  conniption  ntade,  which  «'ircuni- 
stance  would    limit    its  applirabiliiy.     The   chief  objtvtion    to   it.  tlio 
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danger  of  robbery  being  committed  l)y  way  of  the  balconies,  is  not  so 
serious  as  might  at  first  appear,  because  the  two  buildings  are  generally 
occu])ied  during  the  same  hours,  the  balconies  are  exposed  to  view,  and 
at  night,  when  one  or  both  buildings  have  been  vacated,  the  windows 
leading  to  the  balconies  could  be  secured  against  the  entrance  of 
thieves  except  by  noisy  violence. 

Your  committee  is  aM'are  of  the  existence  in  the  citv  of  a  large 
number  of  manufacturing  establishments,  on  the  upper  floors  of  what 
were  formerly  dwelling  houses,  which  are  exceedingly  dangerous  to 
human  life.  They  are  filled  wdth  inflammable  material,  are  not  care- 
fully looked  after,  and  the  stairways  leading  to  the  ujDper  floors  are 
either  unenclosed,  each  stau'way  terminating  at  and  opening  directly 
into  the  room  to  which  it  leads,  or  the  stairways  and  entries  are,  to 
save  space,  divided  from  the  rooms  by  an  inch  board  partition.  In 
such  Ijuildings  there  is  special  danger  of  fire,  and  if  it  occurs  on  the 
lower  floors  the  stairway  may  in  a  few  minutes  be  cut  off  by  flames 
or  smoke.  A  reasonable  degree  of  safety  can  only  be  secured  in 
such  buildings  by  requiring  the  erection  of  a  brick  enclosed  stairway, 
and  most  of  them  should  also  be  provided  with  external  means  of 
•escape. 

Where  such  a  building  has  no  back  outlet,  and  is  so  narroM'  that 
the  stairway  cannot  be  erected  in  the  front  without  destroying  the 
value  of  the  property,  a  brick  enclosed  stairway  erected  in  the  centre 
of  the  length  of  the  building,  against  the  side  wall  and  leading  from 
the  upper  floors  to  a  passage  way  in  the  cellar,  but  completely  sepa- 
rated therefrom  by  a  brick  wall,  would  offer  a  means  of.  escape  to  the 
street  without  sacrificing  the  more  valuable  parts  of  the  building. 
Whatever  the  expense  and  inconvenience  may  be,  however,  these 
manufactories  constructed  from  dwelling  houses  should  be  made  safe. 
They  are  at  present  more  dangerous  than  large  mills  and  public  halls 
erected'  for  the  purposes  for  which  they  are  used,  although  these  are 
occupied  by  a  larger  number  of  persons. 

One  objection  to  the  use  of  external,  or  extraordinary  means  of  escape 
of  any  kind,  that  they  are  liable  to  become  obstructed,  and  that  occupants 
of  the  building  may  not  be  aware  of  their  existence  or  the  manner  of 
reaching  them,  can  be  obviated  by  closing  up  the  ordinary  stairway 
one  afternoon  of  each  week  and  requiring  the  operatives  to  leave  the 
building  by  means  of  the  escape.  This  could  be  done  systematically 
on  a   certain   day  of  the  week  without  .special   inconvenience  to  the 
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occupants  of  the  bnildiu;:,  even  in  stormy  weatlur,  if  the  eacnpe  ire  re  of 
pracficc/  nihtc,  and  if  it  were  not,  the  sooner  tliat  fact  bcK-ame  know?) 
the  better. 

Th<'   resolution    I<r  \vhi<h  we  were  appointcil    refers   to   us   the 

(|n(stion  of  lifts  or  elevators  as  well  as  fire  escjipcs.  They  undonht- 
edlv  add  to  the  risk  of  a  spread  (»f  Haines  and  smoke  throiiLdi  a  hnild- 
in^,  but  thev  are  absolutely  nccssary  in  lar<;e  hotels  and  manufacto- 
ries. To  make  them  as  little  dan;:»'rous  as  jxissible  they  >h<>uld  U- 
enclosed  in  incombustible  walls,  should  be  free  from  wo<kI  work  alxuit 
the  openings  in  the  floors,  and,  j)referal)ly,  should  Ik'  automatically 
closed  bv  iron  enciLsed  wooden  doors  when  not  in  use. 

In  preparing  the  general  report  as  above  sid>mitte<l  no  spe<'ial  atten- 
ti«»n  w;ts  givi'U  to  the  law  of  the  State  and  its  rc(piirenients,  the  pur- 
p(»sc  being  to  indicate  the  principles  which  .»honld  ir<'vcrn  the  erection 
of  fire  escapes,  sui>posing  the  owners  of  property  to  be  untranunele<l 
bv  law.  It  nuist  not  be  lbrg(»ttcn,  however,  that  the  law  of  the  State 
recpiires  tlie  erection  on  certain  buildings  (generally  speaking,  all 
l)uildings  three  or  more  stories  in  height,  excci>t  |>rivatc  dwellings)  of 
"a  juriiuinenf,  wfc,  exteriidl  means  of  escape  therefrom  in  case  of  fire." 

Your  c(»mmittee  regards  these  (|ualifying  words  as  unwisely  siK-cific. 
The  means  of  escape  >hould  be  such  as  to  satisfy  an  otlicial  or  IJoard 
of  officials  charged  with  the  <luty  of  seeing  that  such  est-a|M'S  are 
erected.  The  chief  objection  is  to  the  wonl  e.vtrriial,  for  in  the  majo- 
ritv  of  cases  internal  stairways,  properly  constructe<l,  affonl  the  iK-st 
means  of  escape,  and,  by  some  forms  of  construction,  make  external 
means  entirely  umu'cessju'y.  The  won!  "  permanent  "  (in  the  seii-e  t»f 
fixe<l)  may  rule  out  otherwise  useful  means  of  est-aix".  The  wonl 
"safe"  may  liave  any  meaning,  according  to  the  judgment  i»f  the  indi- 
vidual passing  upon  the  merits  of  a  fire  cscajK*. 

Your  committee  woidd  recommend,  therefore,  that  at  the  earliest 
possible  moment  the  law  should  1k'  amendnl  in  tlii-  j)artii'ular.  In 
the  meantime  property  owners,  however  well  providtnl  ih*>y  may  ix' 
with  escapes,  will  have  to  run  the  risk  of  the  penaltii-  im|»ostHl  by 
the  act  if  they  fail  to  cttmply  with  its  terms. 

Several  ordinantvs  having  Ix^en  otfeix>«l  in  C'oimcils  to  j)rovide  tor 
an  enforcement  of  the  law,  your  committtT  deem  it  their  duty  to 
suggest  tliat  provision  should  Ik*  made  for  vesting  autliority  to  jvlsj* 
u|»oM  fne  escapes  in  a  single  department  of  tlie  city  gt>vernment, 
and    that    it    >ht»uhl    be    ret[uiriHl    to    approve    the    plans     for    fire 
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escapes  before  they  are  erected,  and  to  ])rescril)e  a  form  wliere  the 
property  owner  fails  to  submit  one.  This  Board  should  also  lie 
given  large  discretionary  power  as  to  the  kind  of  escape  required 
on  different  buildings,  and  should  be  required  in  all  cases  to  con- 
sider the  character  of  the  building,  the  nature  of  the  business  carried 
on  therein,  and  the  number  of  persons  liable  to  be  exposed  to  the  dan- 
gers of  fire.  A  plan  of  escape  having  been  ajiproved  by  tlie  })roper 
authorities,  and  the  escapes  erected  in  accordance  with  the  plans,  the 
owner  of  the  building  should  be  given  a  certificate,  to  be  accepted  as 
a  sufficient  defence  in  suits  for  damages,  provided  the  building  and 
fire  escajies  had  been  maintained  as  designed  at  the  time  the  certificate 
"was  granted.  Owners  of  properties  making  alterations  should  be 
required  to  take  out  new  certificates.  The  officers  charged  with  the 
duty  of  examining  fire  escapes  and  granting  certificates  should  be  paid 
by  salaries;  and  the  fees  collected  from  property  owners,  if  any, 
should  be  no  more  than  sufficient  to  pay  the  reasonable  expenses,  and 
should  be  paid  into  the  City  Treasury. 

It  is  also  desirable  that  the  work  of  examination  should  either  be 
given  exclusively  into  the  hands  of  the  Inspectors  already  charged 
with  the  duty  of  approving  plans  for  new  buildings  and  alterations, 
or  be  given  to  those  Inspectors,  subject  to  approval,  in  the  matter  of 
fire  escapes,  by  the  Fire  Marshal.  In  either  case,  the  way  to  get  plans 
examined  and  certificates  granted  should  be  made  as  simple  and  free 
from  delay  as  possible. 

In   submitting  this  report  your  committee  desire  to  add  that  our 

aim  has  been  only  to  lay  down  such  general  principles  as  seemed  to  us 

wise  and  proper,  both  in  regard  to  fire  escapes  and  to  the  character  of 

the  legislation  which  should  govern  their  erection.     The  details  of  the 

escapes  can  only  be  properly  considered  by  reference  to  particular 

buildings,  and  the  details  of  the  law  should  be  left  to  the  consideration 

of  our  law  makers. 

John  Baird,  Chairman. 

K.  K.  Betts. 

Frederick  Graff. 

C.  H.  Baxes. 

Strickland  Kneass. 

WiLEiAM  D.  Marks. 

Henry  G.  Morris, 

J.  B.  LiPPINCOTT. 

Isaac  Norris,  M.D.,  Secretary. 
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Coiitiiiiietl  from  imi^c  Sin. 

J5v  fcjiiipnriiii:-  llicso  tunnuhus  with  tliosu  of*  the  l)roiiiiiU'  and  ainiiin- 
iiia  process,  I  think  a  |)retty  clear  view  may  he  ha<l  of  the  ilitli  rent 
<'on(litions  of  the  two  methods,  without  further  comment. 

.After  what  has  just  heen  shown,  there  is  no  (Usuiii.-ini;  the  tact  that 
the  bromine  and  ammonia  jtroeess  is  more  rapid  and  convenient  than 
the  |)riH'css  with  fixed  alUalint'  ^ah>  ;  i)Mt  it  shouM  he  here  pointnl  out 
that  a  great  mistake  is  often  committed  in  saying  that  it  is  impo>sibIe 
to  free  the  precipitate  from  alkali  hy  washing.  1'rofes.sor  Kggertz  lias 
.stilted  that  by  means  of  cold  water  containing  one  jK-r  cent,  of  hydro- 
<'hloric  add  the  precipitate  may  l»e  easily  freed  from  alkali.  In  (ier- 
manv,  where  the  li.\ed  alkali  metlxKl  is  used,  this  mode  of  washing  i> 
not  so  tVe(|nently  known  as  might  be  snp]»osed,  and  at  om-  work>  J 
Mas  told  that  experience  went  to  show  that  by  using  chlorine  instead 
of  bromine  the  washing  of  the  precipitate  with  onlinarv  hot  watei- 
<'ould  i)e  more  ejtsily  etfected. 

\\'hen  chlorine  is  iisetl  for  precipitating  the  mang:inese,  no  ammoni- 
jKsiI  siUts  must  be  present,  otherwi.se  the  explosive  compouiul  C'ljN 
may  In;  formed.  ( )n  the  other  hantl,  in  the  ctise  of'  bromine  an<l 
iimmonia,  no  explosion  need  be  icared. 

The  dilVerent  methods,  ot"  which  the  outlines  have  now  been  given, 
yield  (piite  i-omordant  results  when  carried  out  by  experienceil  hands, 
and  for  rail-steel  there  is  certainly  no  preference  t<»  be  given  to  anv  of 
them  s(»  far  as  accuracy  gtu's.  -Vccording  tu  mv  own  working,  the 
results  should  not  vary  more  than  0"05  per  evnt.  and  the  time  re«piire<l 
for  an  estimation  one  day  ;  of  course  several  a.s.siys  can  be  made  at 
tlie  siinie  time.  As  to  rapidity,  the  bromine  ami  ammonia  priK-ess  will 
no  d(»ubt  prove  tlu'  best,  for  reasons  .stateil  ai)ovc. 

There  are  many  volumetric  metluKls  for  determining  maiiLnmest.', 
hut,  as  far  as  I  havi'  stvn,  none  is  mon-  rapid  than  the  gnivimetric 
uuiIkkI  will)  bromine  and  ammunia.  .V  new  volumetric  metho^l 
has  been  rccenily  devi-ed  in  the  Stockholm  SIhkiI  of  Mines  and  will 
shortly  l)e  j)ul>lishi'd. 
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Sulphur  Detekmixatiox. 

I  dissolve  5  grammes  of  steel  in  aqua  regia  and  separate  the  silica  in 
tlie  usual  way.  In  the  boiling  solution,  the  sulj)hur  is  precipitated 
by  means  of  2  cc.  of  a  concentrated  solution  of  chloride  of  barium. 
Boiling;  is  continued  for  a  short  time  and  the  solution  is  then  left  to 
stand  during  one  night. 

The  sulphate  of  baryta,  before  being  taken  upon  the  filter,  is 
decanted  repeatedly  with  hot  water.  Some  drops  of  hydrochloric  acid 
must  be  added  to  prevent  oxide  of  iron  from  being  precipitated.  By 
washing  carefully  in  this  way  accurate  results  are  secured,  always 
2)rovided  that  the  reagents  are  pure.  The  purity  of  the  reagents  is, 
indeed,  the  difficulty  in  this  method,  as  it  is  almost  exceptional  to  find 
the  acids  bought  as  "  special  "  free  from  sulphur.  The  sulphur  must 
be  estimated  in  the  reagents  and  the  necessary  deductions  made. 

There  are  chemists,  however,  particularly  in  Germany,  who  assert 
that  even  with  pure  reagents  you  will  get  too  high  results  by  the  aqua- 
regia  method.  They  therefore  use  the  bromine  method,  Iq^ding  the 
gases  from  the  steel  dissolving  in  dilute  hydrochloric  acid  through  a 
solution  of  bromine  in  hydrochloric  acid.  The  sulphuretted  hydrogen 
is  thus  oxidized  and  can  be  precipitated  in  the  usual  way,  by  means  of 
chloride  of  barium. 

As  far,  however,  as  I  have  been  able  to  see,  the  bromine  method 
gives  too  low  results.  I  have  had  to  determine  the  sulphur  in  steel 
with  the  aqua-regia  method  against  chemists  using  the  bromine 
method,  and  on  some  occasions  I  have  found  0"08  per  cent.,  while  the 
others  have  found  only  half  of  this,  0*04  per  cent.  By  means  of  the 
Eggertz  silver  plate,  however,  I  easily  ascertained  that  0*04  per  cent, 
was  much  too  low.  The  experiment  was  carried  out  by  hanging  a 
clean,  small  silver  plate  over  the  gases  evolved  from  0*1  gramme  of  steel, 
dissolving  in  I'o  cc.  of  sulphuric  acid  of  1*23  sp.  gr.  The  plate  then 
got  a  decidedly  more  bluish  than  brownish  color,  whereas  if  the  per- 
centage of  sulphur  had  been  only  0*04  per  cent.,  the  color  would  have 
been  simply  brown  and  not  blue  at  all.  This  plate  method  was 
worked  out  by  Professor  Eggertz,  and  has  been  for  many  years  in  use 
at  all  blast  furnaces  in  Sweden  for  the  daily  testing  of  every  cast 
of  pig  iron.  The  plate  method  will  yield  very  good  results  for 
percentages  of  sulphur  between  0  and  0*4  per  cent.,  and  this  is  quite 
sufficient  for  Swedish  irons.  But  for  sulphur  over  0'04  per  cent., 
the  method  is  less  accurate,  except  in  extremely  well-trained  hands,. 
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and  one  can  only  make  a  roii^li  estimation,  iu<  a  rule.  The  relations 
of  the  colors  of  the  plate  to  th<'  jxrcentage  of  siilphur  i.s  shown  by 
the  following  table : 

Xo  color,             .                  .  .          o(K»  jMT  cent. 

Slightly  yellowish,     .  .                  (i-(H          '* 

Yellow,              .  .         (>-(J2         '* 

Yellow-hrowii,  0-(i;',          " 

lirown,                                 .  .         onj 

P.liie,           .                   .  Olio 

Jictween   brown   and   blu*;   there  are   numerous  variation*;  in  col<»r. 

A  ecrtain  red  tint  signifies  OlO  per  cent.,  but  this  <-.in  only  Ix'  learnt 

by  practice. 


API'KNDIX. 

(dl.oK    TksT    Foi:    CaHHoN    in    IlJnX  AN1»StKKL, —  llv    \'.    VjHrERTA. 
(Tran>IattHl  frfun  tin-  SwimHsIi  by  M.  Troilius.) 

The  (irst  description  of  this  meth(Kl  ap|>eare<l  in  the  J* rnkttntords 
Aiinulcr,  of  18<»2,  page  ot,  and  in  the  Jiciy-  uml  1  [i'lUenmiinnUche 
/cituiif/,  1S()3,  page  l\7'.\.  Subsetpiently,  several  additions  were  made 
to  this  deseription  in  the  .hrnkontorcU  Animlei\  1874,  page  17(5,  and 
in  the  livnj-  un<l  Ili'ittennit'innixchc  Zeitunr/,  187-'),  page  -14U.  At  that 
time  I  considere*!  tiiat  it  would  be  practically  sutlicient  to  determine 
the  carlxdi  in  tenth-  of  a  per  «-ent.,  but  I  now  tind  that  even  hun- 
dredths of  a  jK'r  cent,  are  re«piired. 

For  c«»mmercial  purposes,  however,  iron  and  steel  is  generallv 
-tamped  with  oidy  whole  or  half  tenths  of  a  j)er  cent,  of  c;irbon, 
it  being  chietly  for  the  softer  irons  and  .steels  with  (-irUtu  Ixtween  (>"1() 
and  0"*Jo  pi'r  cent.,  that  the  greater  atx'uraey  in  <leterming  the  «-:irl)on 
is  re([uired. 

Pure  hydrate  of  oxide  of  iron,  eontaining  O'l  gramme  of  inni  anti 
tree  tVom  «hlorine,  will  give  a  yellow-gre«nish  solution  when  dissolviil 
in  ^'T)  cc.  of  nitric  aciti,  s|Hvitie  gravity  1*2.  The  solution  will 
lighten  >omewliat  ou  ad<lition  of  l'.">  i-c.  of  uitrie  aeid,  but  not  so  much 
as  when  water  is  additl  instead  of  nitric  aeid.  When  hot,  the  solu- 
tion h:us  a  nnu'h  darker  e<.)lor  tluui  when  odd.  Ky  adding  4  tv.  of 
water  in  eithw  of  these  cjises,  so  as  to  make  tlie  bulk  up  to  8  et-.,  the* 
iron  color  will  l)e  totally  got  rid  of.  Heiuv  the  rule  for  ei>lor  testi*  for 
Whole  No.  Vol.  CXll. — rfniRP  SKRI^>,  Vol.  Ixxxii.)  •_*? 
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carbon,  that  the  solution  of  iron  must  be  diluted  with  a  volume  of 
water  at  least  equal  to  the  volume  of  nitric  acid  used  for  dissolving 
the  iron,  and  that  the  volume  of  the  solution  must  not  be  smaller  than 
8  CO.*  when  the  color  is  to  be  observed. 

The  nitric  acid  as  well  as  the  water  must  be  entirely  free  from 
chlorine  or  hydrochloric  acid,  which  otherwise  will  oive  a  yellowish 
colorf  to  tlie  solution,  even  if  present  in  only  very  small  quantities. 
The  quantity  of  nitric  acid  should  correspond  to  a  certain  extent  to 
the  amount  of  carbon  supposed  to  be  present  in  the  iron.  For  iron 
containing  carbon  0*25  per  cent.,  2*5  cc.  are  thus  used  for  each  0*1 
gramme,  for  0*3  per  cent.  3  cc,  for  0'5  per  cent.  3*5  cc,  and,  finally, 
for  0*8  per  cent.  4  cc  For  steels  with  more  carbon  5  cc.  should  be 
used.  The  last-named  quantity  is  also  to  be  used  for  white  pig- 
irons,  of  which,  however,  0*05  gramme  only  are  carefully  weighed  out 
for  each  test. 

When  the  amount  of  carbon  is  quite  unknown  2'5  cc  of  nitric  acid 
are  added  to  start  with,  and  then  more  until  it  is  indicated  by  eitlier 
the  color  or  by  the  quantity  of  separated  carbon-substance  that 
no  more  acid  is  wanted.  A  little  more  acid  than  the  quantity  just 
mentioned  does  no  harm,  if  only  an  equal  volume  of  water  is  after- 
wards added.  Thus  for  white  pig  iron  7  cc  may  well  be  taken  so 
as  to  prevent  a  too  quick  precipitation  of  organic  matters  after  dilut- 
ing. A^ith  too  little  acid  a  too  dark  solution  will  be  obtained. 
Thus,  if  0*1  gramme  of  steel  containing  0*8  per  cent,  of  carbon  is  dis- 
solved in  2*5  cc.  of  nitric  acid  only,  instead  of  4  cc,  the  color  of  the 
solution  will,  after  dilution,  represent  a  percentage  of  carbon  e(^ual  to 
about  0"9  per  cent. 

The  iron  for  testing  is  to  be  finely  divided  either  by  filing,^  by  aid 
of  a  good  clean  file,  or  by  means  of  a  boring  machine  (Avhich  is  prefer- 
able), by  rubbing  with  some  hard  steel  edges,  or  by  crushing  in  a  steel 
mortar,  if  it  is  very  hard. 

The  test-tubes  for  dissolving  the  steel  should  have  an  internal  diam- 
eter of  15  mm.  and  a  length  of  120  mm.    The  tubes  are  to  be  cleaned 

*  For  each  O'l  gramme  of  iron. — M.  T. 

t  Only  0"0001  gramme  of  clilorine  produces  a  distinct  yellow  color  in  a  solution  of  0"1 
gramme  cf  iron  (from  hydrated  oxide  of  iron)  in  2"5  cc.  of  nitric  acid.  This  color  can 
be  noticed  even  on  addition  of  I'o  cc.  of  nitric  acid  and  4  cc.  of  water.  Upon  further 
diluting,  the  coloration  becomes  less  distinguishable. 

X  Worn-ofl'  particles  from  the  file  may,  however,  greatly  increase  the  percentage  of 
carbon  in  the  iron. 
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out  l»y  iiK'iins  <>t"  corirse  lilt<i-|i;i|>cr  rolled  t<»*;elli»'f  :iii<l  well  c-iii  at  tli<- 
•etl^e.s.  ()"1  liiaiuiiK-  <»t"  tin-  iron  or  . -ted  for  tfstiiijr,  <>r  in  tin-  c-ase  «»t" 
white  j)ig,  0()5  j^ramiiie,  canfiilly  wciiflied,  i.s  tlioii  put  into  the  tuln* 
and  2*5  cc.  or  more  of  nitric  acid  of".s})e«*ific  jj^ravity  1*2  a«lde<l.  The 
acid  may  Ik;  readily  meiisureil  oil'  in  a  little  measuring  *;las<  of  lOmm. 
diamet(;r  and  7o  mm.  len<^th,  anil  gradiiate<l  so  as  to  show  whole  or 
half  <'ul>ie  centimetres.  The  tul>es  are  covereil  with  small  wateh- 
gla-sses  (2'i  nwn.)  and  put  into  a  cylindricid  vess<'I  of  copper-plate 
liaviuii;  a  JieiLrht  of  1(10  mm.  and  a  diameter  at  lea-t  of  1 2n  mm. 
This  ves.><el  is  covered  with  a  copper  jilate  |)rovided  with  a  ther- 
mometer an<l  holes  for  the  tui)e>.  The  holes  are  marketl  with 
€n<;raved  fi^in'e.s.  The  vessel  is  to  contain  water  and  a  few  i^rammes 
of  paraflin  t«»  prevent  the  evaporation  of  the  former,  and  is  heatiil 
to  80C.  hy  means  of  a  i;as  Mame.  This  temj)er;iture  shoidd  Ix* 
kept  up  all  the  time.  The  tubes  are  shaken  now  and  then,  and  the 
solution  is  eomj)leted  when  no  further  ^as  l)ul)l)le>  appear.  ( )ni'  an<l 
•a  half  to  two  hoiu's,  or  sometimes  Ioniser,  time  is  re<piir»'<l  to  etleet 
<.*om])letc  solution,  the  time  depeniliuLr  upon  the  anioimt  of  earlMWi  in 
the  iron. 

l'|)  to  the  present  time  this  Ikus  l»een  the  ordinarv  wav  of  pro- 
<'eudinj;,  hut  it  is  shown  l»y  experience  that  the  keeping;  up  of  the 
temperature  »»f  .S3('.  n^juires  more  rare  than  has  l>eeu  *;enerally 
taken.  Of  course,  this  hius  l>een  of  less  influence  :us  \o\v^  ;ls  fresh 
weit^hiujj^  of  the  standard  steel  have  Ix-en  'dissolvtHi  along  with  even* 
set  of  .simjiles  for  testiui;.  Hut  if  it  is  desireil  to  avoid  the  fre<pient 
di.ssolving  of  sttindard  steel  and  to  u-c  peiMuanent  standard  >olution.-. 
(see  further  down)  then  the  iron  nmst  always  he  dissolvnl  at  the  .>;ime 
tem|>erature.  For  this  pur|>o>e  it  is  the  sdest  way  to  put  the  tul)es 
into  i)(»ilin<;  water,  liy  thi>  means  the  tinu'  f<»r  di-v-^olving  mav  Ik- 
shorteni'd  to  ahout  thrce-ipiarters  oi"  an  lK)ur,  and  the  color  of  the 
duid  will  then  turn  out  a  little  ilarker  tiian  hy  di>s«»lving  at  SO^C. 
Jf,  occasionally,  greater  rapidity  is  rerpiireil  the  solution  ujay  Ik- 
etKrte<l  hy  hoiling  over  a  lamp  Mame;  l>etween  the  tiame  and  the 
tid)es  there  should  Ih'  put  a  hr.i-ss  gau/e  with  the  IuIk-s  roting  on 
it.  The  ccdor  will  in  thi.«>  c;L-»e  generally  Ik'  somewhat  darker  than 
wlien  dissolved  at  1(K.)°C.  The  n.'ji.son  for  heating  to  80^C",  iiistc:»d 
of  100°C.  h:u^  l»een,  that  in  the  latter  casi-  there  is  sonutimi's  a  rod- 
<lish-yellowish  di'|K>sit  iornutl  on  the  glass;  when  brought  down  into 
the  tluid  this  matter  has  made  the  solution  turbid.     Tiie  dejxisit  must 
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be  dissolved  by  shaking  if  possible,  otherwise  it  must  be  filtered  off. 
It  consists  of  nitric  acid  and  oxide  of  iron.  This  is  borne  out  by  the 
fact  that  it  also  arises  by  heating  a  solution  of  pure  hydrate  of  oxide 
of  iron  in  nitric  acid. 

All  gas  bubbling  having  ceased,  the  tubes  are  taken  out  of  the 
hot  water  and  put  into  a  beaker  containing  cold  water.  They  should 
be  covered  in  some  Avay  so  as  to  be  totally  excluded  from  the  day- 
light, which  would  soon  ffive  too  light  a  color  to  the  solutions.  If 
protected  in  this  way  the  solutions  will  retain  their  color  for  many 
days.  The  burette  for  determining  the  carbon  should  have  30  cc. 
capacity  and  be  graduated  into  tenths  of  cubic  centimetres  and  be 
provided  Avith  one  large  and  one  small  mouthpiece  at  the  upper 
end.  The  solution  is  brought  into  this  burette  through  a  filter,  if 
necessary,  as  for  instance  if  the  fluid  is  turbid  or  graphite  is  pres- 
ent. Then  distilled  water  is  to  be  added ;  the  quantity  of  water, 
including  the  water  used  for  cleansing  the  test-tube,  must  be  at  least 
equal  to  the  quantity  of  nitric  acid  used,  and  the  total  volume  must 
not  be  less  than  8  cc.  when  it  is  to  be  compared  \\\t\\  the  standard  solu- 
tion. The  standard  solution  is  prepared  by  dissolving  standard  steel. 
It  should  be  diluted  witli  water  so  as  to  make  each  cubic  centimetre 
of  the  same  to  correspond  to  0*1  per  cent,  of  carbon.  It  may  also  be 
carefully  diluted  with  more  water  so  as  to  have  each  cubic  centimetre 
=:0'05,  0*02,  0*01  or  0'005  per  cent,  of  carbon,  of  0"1  gramme  of  iron 
or  steel  used.  For  example,  dissolve  0*1  gramme  of  standard  steel,, 
containing  0*8  per  cent,  of  carbon,  in  4  cc.  of  nitric  acid  and  add 
water  to  8  cc.  The  solution  is  to  be  carefully  mixed  after  each  addi- 
tion of  water ;  otherwise  the  lower  part  of  the  fluid  will  appear  too 
dark.  After  mixing,  at  least  one  minute  should  be  allowed  for  the 
fluid  to  run  down  along  the  sides  of  the  burette  before  reading  ofl*, 
which  is  done  at  the  upper  border  of  the  fluid. 

The  above-mentioned  standard  solutions,  representing  the  total,  half, 
fifth,  tenth  and  twentieth  of  the  standard,  may  be  marked  and  used  as- 

follows : 

Percentage  of  carbon  To  be  used  for  iron  with 

per  cc.  for  O'l  gramme  of  iron,      a  percentage  of  carbon  = 

X  .  0-10  .  .  0-8  and  more 

IX  .         0-05  .  .     0-4  —0-80 

iX  .  0-02  .  .  0-16— 0-50 

tV^^  .         0-01  .  .    0-08— 0-25 

2^^'  •  0-005  .  .  0-04— 0-08 
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The  .smallest  percentage  of  carhon^'  t'oiiiiil  in  irt)n  In  this  countrv 
i.s  00}  j)('r  cent.  A  good  daylight  is  roqnire<l  when  nsing  the  la-it- 
named  standard  solution,  and  this  remark  aj>j)lies  to  all  eolorimetric 
tests. 

The  dihition  cannot  he  carried  farther  tiian  twenty  times  tiie  origi- 
nal solntion  in  the  case  of  using  the  ordinary  burettes  of  about  12  mm. 
<liameter.  lint  one  can  sharply  distinguish  the  ditferene"*'  in  e<jlor 
between  ordinary  distilled  water  and  a  standard  solution  dilutee!  to 
forty  times  its  original  volume  and,  therefore,  if  one  uses  burettes  of 
24  mm.  diameter,  it  will  Ik-  |>ossil)le  to  approximately  determine 
the  carbon  in  iron  containini;  oidy  0"02  per  cent.,  supj)osing  such  soft 
iron  to  be  produced.  In  tliis  ca.se  measure  off  1  vv.  of  the  ''X  "  solu- 
tion in  a  delicate  measuring  tube  and  dilute  to  40  cc,  Thu<  1  re.  will 
l)e  equal  to  0-0025  per  cent,  of  c^irbon.  Pour  this  standard  solution 
into  the  24  mm.  tulw.  This  tube  shotdd  exactly  correspond  with 
another  graduated  21  mm.  tube,  in  which  0'4  gramme  of  the  iron  tor 
testing  is  to  be  dissolved  in  10  cc.  of  nitric  acid,  the  solution  diluted 
to  *i2  cc.  and  then  more  until  the  coloi-s  agree.  For  instance,  if  tin- 
colors  agree  at  3o  cc.  bulk,  von  find  the  percentiige  of  cari>on  thu-  : 
(»-0()2.")X.'5o-4-4=0-022  per  cent. 

Hitherto  it  has  been  the  usual  practia-  to  compare  c(»lor>  by  hohling 
a  piece  of  thin  filter-paju'r  l)ehind  the  tul)es.  In  this  way,  however, 
one  is  much  dependent  on  the  distribution  of  light  in  the  pmiui,  whicli, 
therefore,  ought  to  have  only  one  window  for  this  purpose.  For 
most  people's  eyes  the  left-hand  tube  will  appear  somewhat  darker 
than  doe>  the  riuht-liand  tube.  l''or  tiiis  rea.s<)n  it  wa<  originallv  pre- 
scribed that  the  tube  containing  the  solution  of  iron  or  steel  tor  testing 
should  bi>  kept  to  the  right  so  a.'^  always  to  have  it  in  the  >sme  jM»<i- 
tiou.  In  order  to  avoid  In'ing  dependent  on  the  room  I  work  in,  and 
.to  lessen  the  ditVerence  in  color  between  the  left-  and  right-hand  tidx-s, 
I  now  most  advantageously  use  a  contrivance  in  the  shape  of  a  little 
cjimera,  into  which  the  tubes  are  put.  The  cameni  is  made  of  w^hhI 
<)  mm.  thick,  and  is  open  at  both  ends.  The  inner  sides  are  blackeniil. 
The  iiuernal  height  is  SO  mm.,  width  of  forejiart  2»)  mm.  and  width 
behind  12<>  mm.  'i'he  tidx-'s  ai*e  put  in  tlu-  forej)art  through  ajK-rturcs 
in  tlu-  upper  |)art  of  the  c:imera  and  steiuiieil  at  the  Inittom  in*  a 
gutter  of  co|)per  plate  an<l  at  tlie  upiKT  part  by  a  brass  wire.     The 

*  B y  ineniiii  of  tlit-  icnliiir  iiit.-tli<Hi  OOlis  jkt  o-nt.  of  rarl»«)H  w:i>  oiuv  foun<l  in  S 
grammes  of  a  iSwitlisli  Lancx-iljirc  iron. 
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box  is  closed  at  the  wider  end  by  means  of  tliin  filter-paper*  nailed 
to  it.  Burettes  and  tubes  should  be  closely  of  the  same  quality  as 
to  color,  etc.,  and  be  wiped  with  clean  linen  before  being  put  into  the 
camera. 

We  have  of  late  been  using  as  standard  steels  two  Bessemer  steels, 
one  of  which  contains  '80  per  cent,  and  the  other  one  "16  per  cent,  of 
carbon.  These  steels  are  ke})t  in  pieces  12  mm.  square.  Samples 
from  these  pieces  are  always  taken  at  right  angles  to  the  longitudinal 
axis.  The  carbon  in  these  steels  was  determined  by  me  by  aid  of  the 
iodine  method,  as  described  in  the  Jernkontorets  Annaler,  1862,  page 
47.  5  grammes  were  taken  for  each  test.  Three  analyses  of  the 
harder  steel  showed  '79,  "80  and  "82  per  cent,  of  carbon,  and  two 
analyses  of  the  steel  containing  '16  per  cent,  agreed  very  closely^ 
These  carbon  determinations  also  agree  very  -well  witli  those  of  Dr^ 
A.  Tamm,  whose  results  by  combustion  are  described  in  the  Jernhon- 
torets  Annaler,  1874.  The  iodine  method  is  now  modified,  so  that 
instead  of  using  iodine  direct  for  dissolving  the  iron  or  steel,  a  solu- 
tion of  iodine  in  iodide  of  iron  is  used.  This  is  on  account  of  tlie 
difficulty  of  obtaining  pure  iodine.  The  solution  now  used  is  prepared 
bv  dissolving  10  grammes  of  iron  in  50  grammes  of  iodine  and  adding 
another  50  grammes  of  iodine,  which  is  readily  dissolved.  The  solu- 
tion is  filtered  and  water  passed  through  tlie  filter  until  a  bulk  of 
100  cc.  is  reached.  10  cc.  of  this  solution  are  required  for  1  gramme 
of  iron.  With  regard  to  the  diminution  in  weight  of  filter-paper  on 
being  treated  with  acid,  we  have  generally  used  platinum  filters  for 
collecting  the  carbonaceous  matter.  However  it  is  somewhat  difficult 
to  obtain  good  platinum  filters  and,  therefore,  it  seems  preferable  to 
use  filter-paper  which  has  been  treated  with  hydrochloric  and  hydro- 
fluoric acids,t  whereby  the  inorganic  ingredients  are  almost  completely 
extracted.  A  filter  of  00  mm.  diameter  thus  treated  does  not  give 
more  than  0*0001  gramme  ash.  The  carbonaceous  mass  should  be 
dried  on  a  water-bath  at  a  temperature  of  95° — 98°C.  For  this  pur- 
pose the  mass  is  put  into  a  crucible,  and  the  crucible  then  put  into  a 
glass  tube,  closed  at  one  end  and  having  a  length  of  130  mm.  and 
diameter  of  35  mm.     The  upper  end  of  the  tube  is  closed  by  means 

*  This  can  also  be  effected  by  applying  a  screen  holding  a  glass  adapted  to  the  eye 
as  to  convexity  or  concavity,  and  having  about  40  mm.  diameter. 
fFresenins'  Zeitschrift,  1879,  p.  582. 
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ot"  a  <<»rl<,  tlindijrii  \vlii«'li    liaiijf>  a   tlicnnumcti'r.     Tlie  cruciMc  may 

!»(•  ins(.'rt('(l  or  rciii<>vo<l  l)V  iiicari^  <»t"  a  «T<ntke«l  l»ra>>  win-. 

Kvcii    for  wliit*'    |ii<^   iron    Ix-ttcr   result-   than  ruiild   Ik,"  C'X|)wte<l* 

arc  MOW  olitaincd  l»y  tlic  coldr  tt-t.       Tlic  ditliciiltv  in   this  cilh;  lies  in 

the   ii>«'  i»f  only  <»((o  gramme,  and   -till  dilntin;;  to  a  very  lar^(.*  vol- 

nnic,  which  renders  a  sli;^ht  err(>r  in  observation  very  ini|M»rtant.    The 

-olntions  of"  white  pi^  iron  sinadd   l)e  rapidly  read  ot!',  tor  the  re}L>^)n 

that  they   soon    hceoine   lurhid  with   a   j>rccipilate  ot"  or;r'i'ii<"   matter. 

This  inconvenience  may,  to  a  ^reat  extent,  l»c  removed  liv  nsini:  7  cr*. 

instead  of  ')  cr.  ot"  nitric  acid. 

Tin-   mode   in  which    the   carhoii    is  present    in  the  steel  :ls  "  ("ement 

<arl»on/'   or   '*  hardenin;X   carlxui,"  d<K's    not    intlnenee   the   coh»r   test 

otherwise  than  to  render  the  >oliition  less  dark  in  the  latter  c:is4*,  when 

the  carhon  is  more  intimat«-ly  condtined  with   the  iron.      Thus  a  steel 

(•ontainine;   O'S    per   cent,  of  cjirhon    showe<l   onlv  O-'io  per  ce-nt.  after 

•^tron^-  hardening;  an«l  <'rnshin<j:.     Alter   rehciitiii}^   the-  steel    to  a   low 

red  hiat,  the  ori«;inal   percentai;e  of  cjirlMHi  wjls  a<^ain  obtained.      J>v 

ai<l  of  the   iodine   metlnKl,  (>"S    per   <-ent.  ot"  carbon  was    t'onnd    in    ") 

fXramnies  t»f  the  hardened  steel.      A    piece  ot'  iron  c(»ntainlnjx  "•'5  |Mr 

cent,  of  carbon,  npon  beim;  hammeriHl  down  cold  from    \'l  to  <;   mm. 

-Miiare,  >h(>\ved  the  same  carbon  before  and  after  liammerinLT. 
.    .  ...  •  . 

Ditlereiit   kintis  of  iron   and   steel    l)ehave   very  dilferentlv    dnrin;; 

di-solvin<^,  .some  s(»lntion>  at   once  beconun*;  <'oloretl,  others  onlv  after 

heatini;.      The   final   color,  however,  after  diluting   with   water,  ;jene- 

lally  tallies  very  \\A\  with  the  color  of  the  stan«lard.      In   ("jise   there 

-hould  beany  (lin'erence  in  tint — yell(»w  «»r  brown — it  is  Iw-t  to  notice 

the  intensity  of  color>,  which  t-an   U'  done  by   holdini;  a  thin    tilter- 

papcr    l)ehinil    the    tubes   and    oltservini;:  throU'rh  width  tuU-  one  <«n 

most  ea>ily  see  certain   dark  jtoints   in    the    pa|H.M',  etc.      It  is  a  matter 

ot'  course  that  some  pers»»ns  are  able  to  use  the  et»lor  test  with  gre;»ter 

advantap'  than  otheiN,  at'cordiu};;  to  their  ditlerent  eye!sij;ht.s  ;   but  eve- 

~iirht    may  be  considerably  improveil    in    this   n>spix't    bv    pnictii-e,  as 

-hown    by   ex|K'rii'nce ;    in    fact,   only   very    few    have    hitherto    Uvn 

t'ound  incapable  t'or  this  work. 

The  followini;  experiments  have  Urn  made  w  ith  re^anl  to  the  intlu- 
enc<'  on  c»»lor  exercisnl  by  t'oreiirn  sub<tan«'i*s  in  iron  and  st«\d  : 

Mi(H(/(uu'Kc. — ()•().")   gnimme,  contained    in   cjirlMmate  of  maniraneso, 

*  Jernkontorets  Annaler,  1874,  ami  Beiy-  "nd  Hiitlennulnniitcho  Xi'itiini;.  H7->, 
11.  440. 
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•was  dissolved  in  2*5  and  5  cc.  of  nitric  acid.  The  color  thus 
obtained  was  brown,  owing  to  the  presence  of  a  little  oxide  of  man- 
ganese. After  heating  to  100°C.  a  small  precipitate  was  obtained 
(in  all  probability  hydrated  dioxide),  and  the  solution  assumed  a 
slightly  reddish  color,  which  disappeared  after  diluting  with  water 
to  8  or  10  cc.  These  experiments  show  that  the  color  test  may  be 
used  for  determining  the  carbon  in  ferromanganese.  A  ferromanga- 
nese  containing  80  per  cent,  of  manganese  showed  4  per  cent,  of  car- 
bon bv  color  test. 

Phosphorus. — 0*001  gramme,  contained  in  phosphate  of  sodium, 
was  added  to  a  solution  of  0*1  gramme  of  iron  (as  hydrated  oxide) 
in  2*5  cc.  of  nitric  acid  and  2*5  cc.  of  water ;  no  difference  in 
color  was  noticed  after  this  addition.  Iron  containing  5  i)er  cent,  of 
phosphorus  is  difficult  to  dissolve,  and  with  10  per  cent,  of  phospho- 
rus it  is  insoluble  in  nitric  acid. 

Sulphur. — 0*001  gramme,  contained  in  sulphate  of  magnesia,  was 
added  to  a  solution  of  iron  in  2*5  cc,  of  nitric  acid  and  2*5  cc.  of 
water.     The  color  of  the  solution  remained  unaltered. 

Neither  did  any  alteration  in  color  take  place  when  0*01  gramme 
of  manganese,  0*01  gramme  of  phosphorus,  and  0*001  gramme  of  sul- 
phur (all  contained  in  the  above-menti*ned  salts)  were  added  to  a  solu- 
tion of  0*1  gramme  of  iron  (as  hydrated  oxide)  in  5  cc.  of  nitric  acid 
and  5  cc.  of  Avater.  The  same  quantities,  when  added  to  a  solution  of 
0*1  gramme  of  standard  steel  with  0*8  per  cent,  of  carl)on,  did  not 
alter  the  color  here  either. 

Copper. — 0*001  gramme  was  dissolved  in  2*5  cc.  of  nitric  acid  and 
2*5  cc.  of  water.     Xo  coloring  of  the  solution. 

Silicon  in  iron  and  steel  is,  to  a  very  great  extent,  dissolved  in  nitric 
acid  on  heating,  even  if  lumps  of  silica  be  seen  floating  about  at  the 
beginning  of  the  dissolving  process.  0*4  per  cent,  of  silicon  in  steel 
has  no  influence  whatever  on  the  color  test.  Silicious  pig  irons  always 
contain  graphite,  which  must  be  filtered  off,  together  with  the  silica 
which  may  possibly  have  remained  insoluble. 

Tungsten  in  iron  or  steel  is  converted  into  tuugstic  acid  (WO3) 
when  the  iron  or  steel  dissolves.  It  is  insoluble,  and  must  be  filtered 
ofi: 

Chromium. — 0*002  gramme,  contained  in  hydrated  oxide,  when  dis- 
solved in  2*5  cc.  of  nitric  acid  and  2*5  cc.  of  water,  gave  a  grayish- 
bluish  color  to  the  solution.     After  addition  of  water  to  the  double 
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volume  this  color  ^rew  less  (listiiict.  On  addition  of  more  water 
the  ('(jlor  <;ra(hially  u;n'\v  fainter,  and  at  40  <•<•.  it  disaj>i»eare<].  It  i~ 
difficult  or  even  inij)ossilile  to  dissolve  in  nitric  acid  iron  or  steel  con- 
taining inueii  chroniiiHM. 

Vanadium. — O'OOl  gramme,  containe«l  in  vanadic  acid  (V2O5), 
when  dissolved  in  2'o  ce.  of  nitric  acid,  i;ives  a  faint  yellow  color 
to  tlie  solution.     Tliis  color  disappears  after  adding;  2'.j  «■(•.  of  water. 

Nickel. — ()"(H)1  j^niinine,  when  dissolved  in  2'o  cc.  of  nitric  a«-i<l, 
j]:;ives  a  <jreen  color  to  the  solution.  This  color  remains  visible  after 
addinji;  2*5  w.  of  water,  hut  disappears  at  8  (»r  10  cc.  volume. 

Cobalt. — OMKll  ii'i'aninie,  when  dissolved  in  2'-">  vi'.  (»t"  nitric  acid' 
gives,  as  is  well  known,  a  re(|  cohtr  to  the  solution.  After  addin;^ 
water  to  24  cc.  this  color  is  hardly  visible,  hut  may,  however,  nt>t  he 
considered  removed  hefore  dilutinir  to  40  cc. 

In  my  pa])er  of  18G2  I  jjointed  out  the  desirahleness  of  havini: 
])ermanent  standar<l  solutions  of  ittorf/anic  matters,  instead  ol"  tho-c 
])repared  hy  disxtlvini;  hurnt  suirar  in  spirits  of  wine,  the  latter  solu- 
tions jijettinfT  litrhter  alter  some  time,  particularly  after  prolonged 
exposure  to  the  sunlight.  Many  prop(»sitions  have  heen  made  of  late, 
in  various  journals,  with  regard  to  this  matter,  and  compoumls  of  iron, 
cobalt  and  nickel,  as  well  ;ls  jjotassium  hichromate,  havt-  l>ecn  rei-om- 
niende<l  for  the  purpose.  I  have  experimentiil  uj>on  several  >uch 
mixtures,  and  lately,  at  the  suggesti»Hi  of  Professor  F.  L,  Ekman,  I 
have  tried  the  chlorides  of  iron,  cohalt  and  copper,  and  I  find  that 
these  yield  the  hest  residts,  as  thev  allow  of  the  priKluction  ot'  anv 
tint  in  yellow,  hrown  or  green.  Such  mixtures,  diluted  with  water 
4'ontaining  ()•;')  per  cent,  of  hydi-iK-hloric  acid  of  1'12  spei-ilic  gravitv, 
have  heen  found  to  remain  unalteicd  even  after  a  long  I'xposurc  to  the 
sunlight.  The  mixture  grows  more  and  more  yellow  hv  adding 
hydnH'hloric  acid  drop  hy  droj)  only.  I  prepare  my  standard  s«tlu- 
tions  as  follows:  \W  adding  to  the  neutral  chlorides  water  containing 
I'.")  pel"  cent,  ot"  liydiochloric  acid  tor  the  chl(»ride  of  iron,  and  O'o 
pel"  cent,  for  the  two  other  chlorides,  I  pi"ej)ai"e  solutions  of  a  strength 
cori"esponding  to  ()"(H  gramme  of  metal  per  cubic  centimetre.  Then 
8  cc.  of  the  nitric  solution  are  mixed  with  (j  <"c.  of  the  cobalt  solution 
and  ."!  cc.  of  the  copju'r  solution,  and  ai)out  5  ir.  of  water  containini: 
0"5  per  cent,  hydrochloric  acid  are  ailded  to  the  mixture.  At  a  tem- 
peiiiture  of  IS^'W*  this  solution   shows  exactly  the  s:»me  color  as  a 

♦This  is  an  addition  made  since  puhlishins;  the  pajH-r  in  the  JemlonloTfl.*  .  1 
—M.  T. 
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solution  of  steel  in  dilute  nitric  acid  corresponding  to  0"1  per  cent,  of 
carbon  per  cubic  centimetre.  The  solution  may  afterwards  be  diluted 
with  water,  containing  0*5  per  cent,  of  hydrochloric  acid,  to  any  stand- 
ard color  required.  The  addition  of  water  is  almost  directly  propor- 
tional to  the  percentage  of  carbon.  It  need  scarcely  be  mentioned 
that  the  quantities,  0"1  gramme  for  iron  and  steel,  and  0'05  gramme 
for  white  pig  iron,  must  be  correctly  weighed  out  when  artificial  stan- 
dard solutions  are  used. 

Xow  that  permanent  standard  solutions  can  be  obtained,  it  seems  to- 
be  the  right  time  to  ajjply  the  old  method  for  the  determination  of 
copper  in  ammoniacal  solutions.  This  method  was  adopted  "by  Mr. 
.1 .  Blodget  Britton,  of  Philadelphia  [Fresenms'  Zeitschrift,  1871,p.  245),t 
for  colorimetric  tests  on  iron  and  steel.  He  uses  several  tubes  of  the 
same  size  and  quality,  having  equal  volumes  of  standard  solutions  of 
different  strengths  in  the  different  tubes,  and  dissolves  the  steels  for 
testing  in  similar  tubes,  and  finally  dilutes  these  solutions  with  water 
to  the  same  volume  as  the  standard  solutions.  By  comparing  these 
lie  is  able  at  once  to  determine  to  the  hundredth  of  one  per  cent,  by 
usino;  1  to  2  s;rammes  for  each  test.  He  used  burnt  coffee  for  his 
standard  solutions,  which  he  considered  to  be  better  than  burnt  sugar. 

Greater  accuracy  in  color  tests  may  also  be  obtained  by  looking  at 
the  solutions  in  the  tubes  from  above,  instead  of  from  one  side.  In 
this  case,  however,  the  bottoms  of  the  tubes  must  be  perfectly  alike. 
A  suitable  light  must  be  provided,  and  the  columns  in  the  tubes  must 
all  have  the  same  height. 

I  trust  that  a  strict  observation  of  the  directions  now  given  will 
essentially  remove  the  difficulties  which  have  been  experienced  in 
using  the  color  test,  as  well  in  this  country  as  abroad.  It  should  also 
be  borne  in  mind  that  the  properties  of  iron  and  steel  are  not  depend- 
ent on  the  amoimt  of  carbon  only. 

Before  concluding  this  paper  I  have  to  thankfully  acknowledge  the 
service  rendered  by  Mr.  C.  G.  Dahlerus,  mining  engineer,  in  working 
out  the  results  now  published. 

*  From  Mr.  F.  O.  Soderberg,  at  the  Scliool  of  Mines,  Stockholm,  standard  sohitions, 
artificially  prepared,  as  well  as  standard  steels,  are  obtainable.  The  permanent  solu- 
tions are  kept  in  close  glass  tubes,  to  each  of  whicli  belongs  a  corresponding  burette. 
Those  having  burettes  may  send  them  to  him  in  order  to  get  suitable  tubes  for  the 
standard  solutions. 
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NOTES  OX  Tin:   I'KOI'KKTIKS  oF  DVXAMO-ELKCTKIC 

MACHINES. 


I5v  Ki.iiir    Thomson. 


The  subject  of  tlio  projMTtios  ol'  (lyiianio-eloctric  iiiarliines  Mttr:u't.s, 
at  present,  consi(leral)le  interest.  Perhaps,  therefore,  the  t'uUowing 
observations  may  1)C  of  interest  as  exhibiting  some  unusual  phases  of 
their  beiuivior.  The  machines  with  which  the  experiments  were  made 
were  of  my  <lesign  and  consist  of"  an  armature  of  spherical  outline 
revolved  between  two  mai^net  poles,  constituting  two  nearly  hemis|)her- 
ical  concavities  enveloj)ing  the  armature.  The  tield  <'oils  are  two  in 
nmhber  and  surround  the  Held  cores  and  al>o  the  armature  itself.  The 
armature  has  three  coils  only  wound  upon  it,  and  the  commutator, 
three  insulated  serrments  of  a  rinir,  the  slots  between  the  sei;ments 
allowing  them  to  tiverlap,  so  that  each  segment  covers  over  llJO*^  of 
the  outside  circle  of  the  eommutatoi-.  A  full  description  of  this 
machine  and  its  performan<-e  is  in  preparation.  TIk'  machines  ex|K'ri- 
mented  with  c(>id<l  >ustain  from  four  to  ten  arc  lights  in  -cries,  at 
about  .S0()  rev«»Iution<  |ter  miiuUe. 

The  first  experiments  to  be  describe<|  illustrate  the  ti-ndeucy  tit"  the 
magnets,  which  were  of  <"ist  inin,  to  prolong  the  genenite<l  current 
even  after  stoppage  of  the  machine. 

Motion  <tf  about  loO  i-evoliui<>ns  p<'r  minute  was  given  to  the 
machine  while  on  closed  circuit,  luitil  it  had  charged  its  magnets  and 
had  shown,  in  consequence  of  a  divelopment  of  current,  a  considerable 
resistance  to  rotation.  It  was  then  suddenly  stop|>e<l  and  immeiliately 
thereafter  its  circuit  opened,  when  there  appeared  a  small  but  distinct 
spark  at  the  break.  (  )ther  evitleni*es  of  the  circulation  of  current 
were  obtaiui'tl  immediately  after  the  complete  >toppage  of  rotation. 
A  smart  shock  coidd  be  felt  bv  gnusping  the  wires  on  each  >i<le  of 
the  break  in  the  circuit  at  the  time  it  was  madt*. 

The  origin  of  this  after-i-urreut  or  ciu-rent  after  >topp;ige  of  the 
maehine  is,  of  coiu*st',  the  gradual  loss  of  magnetism  of  the  field-mag- 
net cores,  which  intluce  a  <in'rent  in  the  encircling  wire  during  the 
time  that  such  magnetic  change  is  taking  place.  The  iluration  of  the 
current    is  about    \   second,  but    increases  with   the  size    of   machine 
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used.  Tlie  current,  of  course,  endures  only  until  the  machine  mag- 
nets have  lost  all  except  what  is  termed  their  residual  or  permanent 
magnetism. 

A  more  curious  effect,  however,  is  produced  by  putting  the  same 
machine,  with  its  bearings  perfectly  free  and  well  oiled,  upon  clo.sed 
circuit  and  then  revolving  it  as  before  at  a  moderate  speed.  The 
motive  power  is  now  suddenly  removed,  as  by  quickly  throwing  off 
the  driving  belt.  The  armature  of  the  machine  in  this  case  rapidly 
comes  to  rest  and  then,  singularly,  takes  about  |  of  a  turn  in  the 
opposite  direction. 

I  have  repeatedly  verified  this  result,  but  do  not  know  whether  it 
would  be  obtained  with  other  dynamo-electric  machines.  The  arma- 
ture must  be  very  light  and  free.  Here,  again,  the  residuary  current 
not  only  stops  the  machine  but  reacts  upon  it  so  as  to  work  it  for  a 
moment  as  a  motor  in  the  contrary  direction — just  as  if  a  current  had 
been  applied  from  a  source  outside  the  machine.  What,  then,  is  the 
source  of  this  current  which  is  al)le  to  reverse  the  movement  of  the 
armature  ?  It  is,  as  l)efore,  a  current  generated  by  and  continued 
during  the  loss  of  magnetism  of  the  field-magnets  of  the  machine, 
and  this  current  is,  of  course,  in  the  same  direction  as  when  the 
machine  was  revolved  by  the  applied  power. 

Another  observation  made  with  these  machines  was  as  follows : 

A  single  machine  driven  by  power  was  connected  to  two  others  in 
multiple  arc,  so  as  to  drive  them  as  motors ;  but  these  latter,  although 
relatively  nearly  alike  in  proportion,  were  of  different  sizes — the  elec- 
tromotive force  of  one  being  double  that  of  the  other  when  driven  at 
equal  speeds.  The  smaller  could  maintain  four,  and  the  larger  eight 
arcs  in  series,  the  character  of  the  arcs  being  alike.  When  joined  up 
to  the  first  machine  or  generator,  in  parallel  circuit  as  above  indicated, 
both  the  other  machines  acted  as  motors  and  revolved.  The  speeds 
which  they  acquired,  while  not  performing  work,  were,  however,  very 
unequal,  and  were  found  to  be  approximately  in  the  inverse  ratio  of 
their  electromotive  forces  as  generators  2ohen  driven  at  an  equal  speed. 
This  observation  was  repeated  with  other  sizes  with  results  very  nearly 
agreeing  with  the  above  statement.  It  would  seem  from  the  above 
that  both  machines,  working  as  motors  without  retardation  other  than 
air  resistance  and  friction,  attain  such  speeds  that  the  counter-electro- 
motive forces  developed  by  them  are  nearly  equal  and  the  current  tra- 
versing  each   of  them   also   nearly   equal.     The   different   electrical 


Dec,  1881.]  lila.'it-Fiiniarc  Hearths  and  Llnlnya.  \'-J 

resistances  of  the  two  nijicliiius  is  im  (l(.ul>t  a  iiKMlitying  influence,  liut 
it  seems  to  iiavc  littN-  circct  ami,  in  fact,  counts  for  little  in  comparison 
with  the  counter-elcctrom(»tive  I'ones  (k-vi-lopcd  inider  the  conditions. 

The  effect  of  running  the  two  machine^  in  series  as  motors  is  very 
different.  When  so  used,  and  with  their  shafts  very  free  to  turn,  the 
larger,  or  one  cjipahle  of  priMlucing  the  highest  eounter-electnjmotive 
force  to  that  of  the  generator,  alone  revolves,  while  the  smaller  remains 
at  rest.  If,  however,  the  former  or  larger  machine  he  made  t<»  per- 
form mechanical  work— that  is,  to  furnish  power — its  running  spinal 
is,  of  course,  retarded  and  the  other  machine  turns  with  a  sj>ee<l 
depending  on  the  amount  of  work  abstracted  from  its  com[>anion. 

Sew  Jiritain,  Conn.,  Nov.  G,  iSSl. 
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l>y  .I(»IIX    JJinKINKlNK. 
Head  lielnrf  tin-  Ann  ricaii  Institute  of  Mining'  Kntfinecrs,  May,  iKKl. 


The  high  tciupt  raturcs  which  of  ncccs.-ity  mu!?t  he  maintaincil  to- 
smelt  iron  ores  rc»|uirc  that  the  material  forming  the  in.-ide  ot  the 
hhu-it-fm-nace,  and  the  bottom,  shoidd  he  sutliciently  refi-actorv  to  with- 
stand the  destroying  action  of  intense  heats,  an<l  not  readily  suscepti- 
ble to  the  dissolving  action  of  the  cinder  resulting  fntm  the  furnace 
operation. 

In  the  older  furnaces  saiid-roc-U«;,  slates  and  steatites  were  eniploytil, 
the  ordinary  practice  being  to  lava  bottom  of  san<l-rock,  neatly  droscil 
and  jointed,  and  uj)on  this  the  crucible  anil  boshes  were  c«instructnl  of 
the  same  material,  the  shaft  of  the  turnace  l>oing  laid  with  slato  or 
shale.  The  siuid-stone  bottom  anil  crucible  are  at  pn-sent  in  use  in  a 
nunibir  of  charcoal  t\irnaces,  and  shale  inwalls  are  still  foiuid  in  this 
coinury.  Profe.v>;or  Akerman  states  that  in  some  Sweilish  furnaces 
bricks  mouldetl  from  fiunace  slag  are  useil  in  lining  the  shaft.  The 
stone  lining  of  the  >haft  w;l>  gradually  abaiid«tnetl,  oixlinarv  clay  brick 
being  sometimes  substituted,  but  firebrick  are  now  mostly  employed. 
Firebrick  were  first  useil  for  the  inwalls  or  the  shaft,  then  they  were 
used  for  boshes,  after  that  they  were  lai«l  in  the  crucible,  ami  finally 
bottoms  were  made  i»f  them,  until  at  present  their  use  for  lining  turnatxs 
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throughout  is  abuost  universal.  The  firebrick  are  no  more  refractory 
than  some  of  the  sandstones,  shales  or  soapstones  formerly  in  use,  but 
they  possess  several  advantages. 

Large  bottom  and  crucible  stones  were  expensive  to  shape,  handle 
and  to  place  in  position  ;  they  were  often  cracked  or  spalled  by  sudden 
changes  of  temperature,  and,  owing  to  the  joints  running  through 
them,  were  more  apt  to  permit  gas,  cinder  or  metal  to  work  out  by 
the  crevices  formed  by  expansion  of  the  crucible.  Firebrick,  on  the 
other  hand,  on  account  of  the  ease  with  which  they  are  formed  into 
convenient  shapes,  are  more  readily  transported,  handled  and  placed 
in  position ;  if  properly  made  they  are  not  apt  to  crack,  and,  by  lay- 
ing them  so  as  to  break  joints,  few  continuous  crevices  are  formed, 
or  if  formed  they  are  generally  small.  Other  great  advantages  in 
the  use  of  brick  are  the  facility  with  which  repairs  can  be  made 
without  taking  out  an  entire  wall,  the  possibility  of  using  thinner 
walls  than  when  stone  is  employed,  and  the  construction  of  more 
shapely  furnaces.  Where  stone  was  employed  any  considerable 
cutting  or  wear  necessitated  the  removal  of  the  entire  work,  or  so 
much  of  it  that  the  furnace  had  to  be  blown  out,  and  in  such  case  the 
complete  relining  of  the  stack  generally  followed.  But  by  the  use  of 
brick  and  l)locks  from  refractory  clay  repairs  of  considerable  magni- 
tude have  been  made  while  the  furnace  was  in  blast,  or  when  blown 
out  a  few  matches  have  restored  the  crucible  and  boshes  to  good  con- 
dition, in  which  a  long  blast  has  been  made.  The  repair  of  an  inwall 
by  blowing  down  part  way,  and  carrying  off  the  gases  and  much  of  the 
heat  by  means  of  a  wrought-iron  tube  packed  around  with  line  ore  or 
clay,  is  not  unusual,*  and  there  are  on  record  instances  where  an  entire 
crucible  has  been  renewed  while  the  furnace  was  in  blast  by  cutting 
outf  sections  of  the  old  work  and  replacing  it  with  new  until  the 
Avhole  Avas  completed. 

Firebrick,  as  now  made,  are  the  best  known  material  for  use  in  the 
interior  of  a  blast-furnace,  and  yet  it  cannot  be  said  that  they  have 
fully  met  the  requirements  of  the  work  to  which  they  are  applied. 
This,  in  some  instances,  is  undoubtedly  due  to  the  chemical  composi- 
tion of  the  brick  and  their  physical  structure ;  in  others  it  is  owing  to 
the  manner  of  operating  the  furnaces.  But  it  must  be  admitted  that 
in  the  present  state  of  our  knowledge  we  have  nothing  which  is  econo- 

*  Vide  Translations  of  the  American  Institute  of  Mining  Engineers,  vol.  iv,  p.  29. 
t  Tide  Translations  of  the  American  Institute  of  Mining  Engineers,  vol.  v,  p.  92. 
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micallv  a])j)lic:il)I<-  Inr  liiiiiii:  l)la~(-t'iiiii:i<i-  wliidi  \vitli>taii(Js  tin* 
fusing  ami  (lisM)lviii^  actinn  dC  iIm-  liiat  and  tliixt-s.  It  imt  dulv 
requins  a  material  infiisiMc  at  the  tt'inpcnitiii-c  nf  iMi>ltcii  iron,  l)nt  one 
infusible  under  tlie  aetioii  t)f'  an  innnense  l>lu\v-j)ij)e  Hanie,  ;;eiierateil 
at  the  tuyeres.  At  a  late  meeting;  <»!'  the  Knited  States  AiNstK'iatioii  <»t' 
Cliareoal  Iron  Workers  a  di.-«eus.sion  t<tok  place  uj)on  the  (jiiestion 
■sviietljer  firebrick  crucibks  could  l>e  ur>e<l  in  cold-bhust  charcoal  fur- 
naces, as  most  of  these  plants  still  employ  .siindstoiie  crucibles.  Now. 
the  fusin<^  action  in  a  <iild-blast  furnace  is  apj)arently  less  severe  than 
in  furnaces  usini;  hot-blast.  True,  the  crucibles  are  irenerallv  small, 
but  the  pressure  of  the  blast  i>  very  slight.  Evidently,  then,  the 
indifferent  success  whieh  has  followed  the  u.se  of  jiivbriek  in  coniuM-- 
tion  with  cohl-blast  charcoal  practice  is  owing  more  to  the  di»olv- 
ing  of  the  bricks,  aided  by  the  presence  of  considenible  (juantities  ot' 
potash,  on  account  of  a  poverty  of  flu.\  than  to  a  want  of  refi-actorv 
character  of  the  material. 

Looking  at  the  subject  in  a  purely  |>hysical  light,  and  di-iei^anliut^ 
any  chemical  action,  tiie  firebrick,  if  capable  of  with-tanding  the  hi"-h 
heats  without  softening,  should  last  longei-  in  the  lower  zones  of  the 
furnace  than  in  the  up|>er,  for  the  materials  charged  are  much  re<lu«'ed 
in  si/e  and  volume,  and  also  softer  when  near  the  tuvtrcs,  and  the 
wear  should  con.sequently  be  much  less.  There  are  instance^;  of  long- 
continueil  furnace  campaigns,  but  the  present  average  blast  will  not 
reach  two  years.  The  solvent  action  on  firebrick  appears  to  l>e  h«s-. 
api)reciated  than  it  should  be,  and  eviileiitly  much  of  what  is  terme<l 
wear  by  sto<'k  is  due  more  to  chemical  <lisintegratiou  than  l.i^>  bv 
attrition.  The  most  rapid  driving  in  a  blast-furnace  now  recorded 
represents  a  descent  of  stock  at  the  rate  of  S  feet  pir  hour;  and  this  is 
exceptional.  A  movement  »•  >lo\v  wouhl  re«piire  an  extendeil  jK*ri<Ml 
Ut  materially  allect,  by  wear,  even  a  soft  substance;  but,  a-^  the  rate  of 
descent  in  most  furnacrs  is  but  2  or  .'}  feet  |K'r  hour,  much  of  the  loss 
charged  to  wear  l)y  sttx-k  seems  unact\>uuteil  for  by  materials  movin«: 
against  the  lining  at  the  rate  of  ;j  or  4  miles  |H'r  annum.  The  thr.>;it 
of  the  furnace  has  often  lK»on  daniaged  bv  dumping  lari;e  pie«-c>  ot" 
stock  against  it;  but,  even  where  such  is  not  the  c:L««e,  the  upjH'r  part- 
of  the  inwalls  in  furnaces  have  .sometimes  to  l>e  reneweil,  owint;  to  the 
gases  resulting  from  the  furnace  ojK'ration  acting  \i\mm\  the  brick  and 
destroying  them. 

One  of  the  most  notable  instances  of  this  was  where  the  l«)-inch  wall 
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of  the  tunnel-head  above  the  stock-h'ne  was  destroyed  and  replkced. 
After  lasting  for  but  seven  days,  the  new  work  had  similarly  failed. 
During  this  time  the  furnace  worked  badly,  and  when  blown  out  was 
found  scaffolded.  It  is  doubtful  if  there  is  much  risk  of  damaging 
the  lining  at  the  tunnel-head  by  gaseS  when  the  furnace  is  working 
normally,  and  the  destruction  of  the  firebrick  above  the  stock-line 
seems  (as  far  as  opportunities  offered  for  investigation  have  shown)  to 
have  accompanied  irregular  operation. 

Again,  there  are  instances  where  firebrick  have  given  out  in  one 
furnace,  while  others,  made  by  the  same  works,  and  even  taken  from 
the  same  kiln,  have  proved  most  satisfactory.  As  the  brick  were  so 
laid  as  to  be  practically  under  the  same  conditions  as  to  thickness  of 
walls  and  intensity  of  blast,  we  can  scarcely  assume  that  the  temper- 
ature Avas  higher  in  one  furnace  than  in  the  other,  and  must,  until  Ave 
are  able  to  determine  to  the  contrary,  refer  the  destruction  to  chemical 
action.  In  one  instance,  where  such  difference  of  behavior  occurred, 
both  furnaces  were  under  control  of  capable  managers  expert  in  chem- 
ical manipulation,  and  were  closely  similar  in  proportions,  Avorking  on 
similar  ores,  flux  and  fuel. 

Another  point  in  fa\^or  of  the  theory  of  chemical  disintegration  i& 
the  rapid  loss  of  the  bottoms  of  furnaces.  As  these  are  protected, 
except  at  brief  intervals  Avhen  casting,  by  a  liquid  bath  of  iron  and 
cinder,  we  would  naturally  look  for  their  remaining  intact  for  a  long 
time ;  but  the  bottom  is  often  quickly  destroyed,  se\'eral  feet  having 
at  times  been  lost  in  a  year's  Avork.  An  instance  is  recalled  Avhere  the 
Ijottom  of  a  blast-furnace  wasted  away  four  feet  in  twelve  weeks. 
(Jases  could  be  cited  Avhere  several  feet  of  the  bottom  have  been  lost 
in  a  few  hours,  but  this  was  caused  by  physical  rather  than  chemical 
action,  either  from  defective  construction  or  faulty  maniptilation.  The 
Avell  of  the  crucible,  or  that  part  beloAV  the  tuyeres,  is  subject  to  the 
same  action  as  the  bottom,  and  is  often  cut  or  Avasted  aAvay  rapidly. 
Undoubtedl}',  the  temperature  maintained  natiu'ally  assists  and  intensi- 
fies the  chemical  action  referred  to,  and  the  firebrick  are  Avasted  or 
dissolved  aAvay  more  rapidly,  owing  to  the  high  temperature  prevailing. 

But,  admitting  the  affinity  of  the  silica  of  the  firebrick  for  the  bases 
in  the  charge,  the  question  natiu'ally  recurs.  Are  firebrick,  as  ordinarily 
made,  infusible  at  the  temperature  existing  in  a  blast-furnace  cruci- 
ble ?  The  present  practice  is  to  dispense  Avith  thick  Avails  and  use  in 
their  place  thin  ones,  even  as  Ioav  as  16  inches  for  the  crucible.    Noav, 
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il"  llii.xiiiu  :iclinii  wTic  f lie  cmlv  or  iii<»st  |M»t<'Mt  i lama;;! iij^  force  at  work, 
the  thicker  tlie  walls  the  better,  for  then  there  would  be  more  to  dis- 
integrate; but  we  find  in  praetice  that  a  wall  must  be  thin  an<l  exposed 
totiie  air,  or  subjected  to  artificial  coolinji;  for  protection.  This  natural- 
ly points  to  fusion,  and  this  view  is  verified  by  the  appearance  of  a 
furnace  when  blown  out. 

It  is  oft<'n  sai<l  that  the  interior  of  a  fui-nacc  irhi/cs  in  the  fir.->t  part 
■of  the  bhi.-t,  fliii~  jtreserving  the  i>ricks.  It  may  be  possible  that, 
owing  to  the  (;xcess  of  fuel,  a  temperature  exists  during  the  early  days 
of  a  bliLst  which  forms  a  fusible  slag  on  the  face  of  the  bri<k, 
infusible  at  the  ordiiiaiy  working  temperature  of  the  furnace  ;  but  it 
is  more  probable  that  the  brick  are  not  infusible  at  the  ordinary  he;it 
in  the  furnace,  and  that  the  glazing  exists  only  when  th<'  temperature 
falls  below  this  ])oint,  as  when  the  fui'nace  is  blown  out.  Tiiis  may 
l>e  illusiiated  bv  the  ic<'  film  which  t'onns  on  bi'icks  covered  with 
moisture  when  the  temperature  is  low.  J'he  mininnim  thickness  (»f 
brickwork  for  crucible  walls  seems  to  be  determine<l  ;  first,  by  suffi- 
cient stability;  se<-oMd,  by  having  the  walls,  if  possil)le,  «mly  so  thick 
that  they  will  conduct  away  the  heat  pnxluccd  against  the  inner  face  so 
fast  that  that  face  may  be  kc|)t  below  the  fusing-point,  yet  without  t<j<j 
great  loss  of  jicat  from  the  <'rucible.  The  em|)lovment  of  bnices 
binders  and  buckstaves  pei-mil  of  (piite  thin  walls  i>eing  employeil,^ 
and,  as  far  as  stability  is  concerned,  quite  thin  walls  are  j)ra<tical)le. 
'J'here  mav  be  exceptional  cases  where  a  comj)aratively  long  campaign 
has  been  made  by  a  furnace  without  seriously  cutting  away  its  walls; 
but,  upon  the  t<'rmination  of  a  blast,  the  crucible  and  boshes  are  gen- 
eially  found  much  redu<e<l  in  thickness  and  the  remaining  |M)rtion 
protected  bv  a  deposit  of  dust  <»r  gra|)hite.  Instances  have  been  noted 
where  l>iit  four  inches  of  firebrick  remain»Ml  when  the  furnace  was 
blown  out,  iml  this  thin  wall  wa<  well  j)rotecte<l  bv  an  inner  accinnu- 
lation. 

Kec^ogni/ing  the  advantages  gaine«l  by  thin  wall-,  elfoit.-  have  lurn 
made  to  preservi'  them  bv  extraneous  means.  'I'hey  hav«'  been  sccuiihI 
by  a  series  of  wrought-  or  cast-iron  buckstaves,  and  jets  or  spniy>  of 
water  have  been  thrown  agtiinst  the  intervening  brick  mjusonrv.  Thev 
liave  been  encaseil  by  a  sheet-iron  jacket,  ench>sing  coils  of  pijH?  througli 
which  water  circidate<l.  They  have  been  proteete<l  by  c:ist-iron  water 
Jackets,  either  as  hollow  boxes,  or  containing  coils  of  pi|H',  the  jacket 
serving  the  double  oftiix*  of  sustaining  the  crncil)le  as  well  as  cooling 
W'hoi.k  No.  Vol.  C'Xll.— ^THIUD  SERit>.  Vol.  Ixxxii.)  2S 
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the  walls.  Horizontal  circles  of  cast  iron,  having  water  pipes  cast  in 
them,  hav'e  been  placed  around  the  crucible  and  boshes  at  intervals  in 
the  brick-work,  and  coils  of  pipe  have  been  built  into  the  Avails.  The 
success  which  has  attended  these  efforts  demonstrates  that,  to  iiold  the 
crucible  and  bosh  walls,  artificial  cooling  must  be  resorted  to. 

The  manner  of  constructing  the  masonry,  and  the  character  of  the 
brick  and  clay  employed,  all  aifect  the  life  of  a  furnace.  The  use  of 
furnace  blocks,  tiles,  or  ordinary  9-inch  fire-brick,  each  have  their 
advocates;  but  a  furnace  lined  with  the  best  brick  is  imperfect  unless 
the  clay  forming  the  joints  is  fully  as  refractory  .as  the  bricks  which  it 
unites.  If  joints  are  opened,  either  by  the  clay  being  more  readily 
melted  or  fluxed  out,  or  by  not  having  sufficient  non-shrinking  mate- 
rial to  preserve  them,  a  greater  surface  of  each  brick  is  exposed,  and 
the  destruction  is  consequently  more  rapid.  Excessively  thin  clay 
often  causes  defective  joints,  owing  to  the  evaporation  of  the  water 
leaving  void  spaces. 

It  is  surprising  that  monolithic  hearths  and  crucibles  have  not 
grown  in  favor  in  this  country.  They  are  employed  in  other  countries,^ 
the  Swedish  practice  being  to  use  sandstone  or  a  mica  schist  ("stall- 
sten"),  and  place  within  this  a  lining  composed  of  crushed  quartz, 
held  together  by  one-eighth  to  one-tenth  of  fire-clay,  the  mass  being 
thoroughly  rammed  about  appropriate  forms,  so  as  to  give  the  desired 
shape  and  size  to  the  crucible  and  boshes. 

What  has  been  said  in  reference  to  the  imperfections  of  fire-brick 
can  be  applied  with  equal  force  to  other  metallurgical  operations  besides 
the  smelting  of  iron  ores  in  a  blast  furnace,  but  this  paper  has  been 
confined  to  a  few  physical  features  bearing  upon  the  problem.  jNIuch 
has  been  written  as  to  the  chemical  comjjosition  of  refractory  materials, 
and  considerable  interest  was  manifested  by  the  Institute  in  the  subject 
in  1875  and  1876.  Mr.  Holley,  then  president,  in  his  address  at  the 
Cleveland  meeting,  in  October,  1875,  called  attention  to  the  necessity 
of  a  better  i-etractory  material,  and  showed  the  cost  per  ton  of  product 
in  various  works  for  fire-clay,  bricks,  etc.  A  committee  was  appointed 
to  report  upon  the  subject,  and  Professor  Egleston,  as  chairman,  con- 
tributed a  paper  which  covers  much  of  the  present  knowledge  on  the 
subject.  This  is  ably  supplemented  by  the  researches  of  the  Geologi- 
cal Survey  of  !N^ew  Jersey,  and  the  complete  analyses  of  prominent 
fire-clays  embodied  in  the  special  report  of  Messrs.  Cook  and  Smock. 
Some   experiments   to   test   the   refractory  character  of  fire-brick  of 
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various  iiial<(  rs  were  iiiiulc,  im<l(  r  tin-  <lircctM)n  ol"  the  (»eologi«iil  Sur- 
vey of  Pcmisylvaiiia,  in  a  small  sliaf't  tuniacf,  in  wliirli  it  is  dairncil 
a  lieat  sullicieut  to  molt  steel  wits  nuiintaiiuMJ.  rufurtuiiateiy,  the 
experiments  were  too  much  restrietetl,  hoth  in  time  and  nuinl)er,  to 
give  reliable  results;  but,  though  limited,  tlii^y  are  a  valuable  contri- 
bution to  oiu'  knowle<ig(,'  itt'  lire-brick,  ;is  far  as  their  action  in  the 
presence  of  incandescent  fuel  only  is  concerne«l.  Allliou^di  the  tots  did 
not  not  in  any  ease  last  lonLTcr  than  two  Iiomis,  all  the  brick-  exjM'ri- 
mented  upon  weri;  cut  or  eraek(,'«l,  some  standint;  iniieh  better  than 
others. 

The  neee-ssity  of  a  belter  material  for  metallurgic:tl  j»roi-esses  is 
surely  ik)  les.s  importiuit  now  than  in  l.S7o-7G,  and  this  paper  Iuls  l)een 
prepared  more  to  revive  interest  in  the  subject  than  to  present  anv 
novel  statement,  or  to  enter  into  an  investi<j;ation  of  the  proper  ehemi- 
<"al  and  physical  composition  of  fire-brick.  Tlu;  UKinufacturers  <jf 
fire-brick  have  slu»wn  a  commendable  (h-sire  t^t  meet  the  demands  of 
metallur<z:ists  as  t(»  sha[)e  aiul  form,  an<l  considerable  att<'ntion  has  Im.-cii 
be.stowed  upon  composition;  but  most  of  these  ex|)erimeiils  have  \>eei\ 
limited  bv  individual  i'nterj>rise  and  capital.  A  thoron<^h  investipi- 
tion  of  the  physical  and  chcmicjil  features  of  lire-brick,  in  coniU'«*tion 
with  a  consideration  ol"  the  circumstances  under  which  thev  are  to 
do  (bitv,  will  inidouitledly  prove  of  immen>e  value  to  pra<-tical  metal- 
luriiN . 

Electric  Lights.       In    «• •Indini,^    his    report    upon    the   dilfeivnt 

systems  of  li^litiiii;  which  were  exhibited  at  the  Paris  Kxposition  I  )u 
.^^ollce|  says  that  the. systems  (»f  incaiuU'scc'nce  are  al read v  numerous, 
and  doubtle.ss  many  others  will  >oon  Ik^  a^ldeil.  Most  of  them  ditll-r 
from  one  an»»thi'r  only  by  the  composition  of  the  inaiiul(.*s<'ent  c:u'lM>n 
and  its  modi'  <»f  fabric^ition.  It  is  imp«»ssible  to  ba.<<'  anv  corn'<*t 
jiKljrinent  upon  the  more  or  h*ss  brilliant  aspect  ot"  the  lamps,  for,  as 
they  arc  fc<l  by  tlcctric  >:;enei':it«>rs  of  very  ditlereiit  intensities,  tho(% 
which  have  the  stronj;;est  currents  naturally  fnrni>h  tin-  most  brilliant 
and  the  whitest  li<;;ht.  It  would  theielbre  be  impnuh'nt  to  pronounce 
in  favi»r  of  any  sinirle  sy.stem  until  a  serious  examinatiim  aiul  ounpari- 
son  has  been  made  by  a  commission  of  disintei-esteil  s<-ientitic  men. 
There  is,  however,  reason  to  hojH'  for  a  s;itisfaetorv  solution  of  the 
problem  of  household  illumination  by  eleetricity. — L<i  Lumlt^rc  Klcc- 
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SAND  FIJ/rRATIOX  AT  BERLIN. 


Bv  Prof,  ^\^^r.  Rij'i;f.y  Nichols. 


Up  to  the  present  time  there  lias  been  very  little  done  in  this  country 
in  the  way  of  systematic  filtration  of  water  supplies,  partly,  perhaps, 
from  indilference  and  lack  of  information,  but  mainly  on  account  of 
the  expense.  The  numerous  complaints  which  arise  in  the  case  of 
almost  every  city  and  town  supplied  with  surface  water  render  the 
question  of  filtration  an  important  one  for  the  immediate  future,  and 
any  engineer  who  has  to  do  with  the  planning-  of  Avater  works  is  liable 
to  be  called  upon  to  estimate  the  cost  of  filtration  and  to  state  how  far 
it  may  be  expected  to  overcome  anticipated  or  existing  evils.  For 
this  reason,  details  of  the  practice  in  well-managed  works,  where  the 
conditions  are  similar  to  those  which  obtain  with  us,  are  of  peculiar 
interest.  Such  details  are  given  in  a  ])amphlet  recently  published  by 
the  sujierintending  engineer  (Betriebs-Ingenieur)  of  the  Berlin  filtra- 
tion works.*  The  pamphlet  also  contains  the  results  of  observations 
on  "natural  filtration"  in  the  neighborhood  and  elsewhere. 

A  very  considerable  portion  of  the  city  of  Berlin  is  still  supplied 
with  water  from  the  dirty  and  sluggish  Spree  after  it  has  been  sub- 
jected to  a  very  thorough  filtration.  The  water  is  taken  from  the 
river  directly  on  to  the  filter-beds,  and  although  the  sluggishness  of 
the  flow  would  allow  the  deposition  of  much  suspended  matter,  the 
very  considerable  Water  traffic  between  Berlin  and  Kopenik,  past  the 
water  works,  keeps  the  Avater  in  a  roily  condition.  Furthermore,  tlie 
Spree  receives,  above  the  point  from  which  the  supply  is  taken,  the 
waste- water  of  a  number  of  factories,  among  which  are  dye-  and 
print-works;  it  also  receives  the -.effluent  of  a  sewage  farm  mixed,  in 
some  cases,  with  sewage  itself.  Besides  being  thus  contaminated,  the 
water,  especially  in  time  of  flood,  possesses  a  deep  brownish-yellow 
color  and,  at  times,  a  peculiar  jxmdi/  taste  due  to  vegetable  extractive 
matter.  Moreover,  from  spring  until  fidl,  a  more  or  less  copious 
growth  of  algce  adds  to  the  disagreeable  character  of  the  water.f 


*Mittlieilungen  uber  naturliche  und  kiinstlit-lie  Sandfiltration.  Nacli  BetrieUsre- 
sultaten  der  Berliner  Wasserwerke  vor  dem  Stralaiier  Tlior,  bearbeitet  von  ('.  Piefke, 
Betriebs-Ingenieur.     8vo,  pp.  75.     Berlin,  1881. 

t  These  ah/ir   I    liave  found,  bv  personal   observation,  to   be  identical  witli  tliose 


J),.,-.,  1881.]  Sio}inl.H      Siiiiil  I'lllriil'idii.  437 

I'lic  (iltr:tii<m  \vork>-  imw  >ii|»|il\  (|:iil\-  .'iImiiii  IO,n(M(  riiliic  metres 
(in  ioiiikI  iiiiiiiIm  I-  luA  iiiilliuii  I '.  S.  jralKms)  «>1'  filton-<I  wntcr  in 
siirmncr  ol'tcii  :i  l;iri:<'i-  (|ii:iiitit\',  Tlicrc  arc  clcvrii  rilter-l>«M|s--tlin'«' 
i'ovorcd  aii«l  ci^^lit  uncovered — liavinj^  a  total  area  of  o7,0(K)  «(jnarc 
metres  (alioiit  40(),()U()  s<|uaic  f'cct).  The  Ix-ils  arc  constructed  on  the 
IOn;^lish  ruoflel,  tine  sand  at  th«.*  to|>  and  coar^-r  material  Im-Io\v.* 
With  tin-  lari^e  areii  at  disj)o>aI  it  is  possible  to  «-:irrv  on  the  tiltnitioii 
at  a  verv  slow  r.ite.  The  water  is  ustnl,  of  cours<',  in  varvin;;  <|uanti- 
ties  tVoni  Ikmit  to  Ihum".  and,  on  account  of  the  small  si/e  of 
the  clear  water  resi-rvoii-,  a  constant  i-.ite  of  filtration  i-  impos- 
sihle;  the  inaxinuim  rate  i<,  however,  not  <>ver  (••!  metre  down- 
ward |>cr  hour.  |'\n'  the  i^reatei"  jtart  o|"  the  lime  1  -<|Uarc  metre  o|" 
san<l  surface  is  not  re(|uire<l  t(»  furnish  much  more  than  1  <Mil)ic  meti"e 
ol"  water  in  twi^nty-lour  houi's.  'I'his  would  he  at  the  rate  <»f  <»idy 
24^  U.S.  ^.illons  per  scpiare  foot,  and  very  nni<-h  less  than  i<  the  prac- 
tiee  elsewhere.t  The  filtration  takes  |)lace  under  a  very  sli^dit  hea<l, 
seldom  of  more  than  O'O  metre  (say  20  inches),  hut  even  with  thi<  low 
pressure  and  slow  dcliverv  it  has  i)een  found  impo^sihlc,  with  «-lc:in 
sand  alone,  to  filter  the  water  sati-faetorily.  If  the  unliltereil  water 
lie  allowed  to  stan<l  a  fortnij^ht  or  so,  although  the  lari;er  (»f  the  sus- 
pended particle>  will  have  -ettliHl  to  the  hottom,  the  water  still  retain- 
a  milUv  appearance,  and  sand  alone  cannot  remove  the  e.vn-eilinjjlv 
line  particle-  to  which  thi-  a|tpearanee  is  due.  ( )n  this  account,  the 
water  from  a  freshly  cleaneHl  filtei"  is  not  us<'4|  at  on<*e,  hut  is  allowed 
to  stand  on  the  l»e<l  an<l  then  passetl  through  very  -.lowly  until  a  thin 
coatiuj;  has  formed  on  the  sin'faee  «>f  the  s;uul.  Ihis  coatin^r  is  i-rsscn- 
tial  to  the  removal  of"  the  fine>t  parti<'les  from  the  water  -uhse^piently 
filtered.  ( )f  course,  as  the  coatinji;  he«'omes  thicker  the  filtnition 
Ix'comes  moi-c  ditlii-uit  initil  it  |»artiallv  stops  and  the  filter  i*  "d<-ad.' 

•As  has  heen  hintc<l  ahove,  the  u;reat  trouhic  in  sunnner  i-  fVouj  the 
altnndanee  of  small  (////»r  which  hkmi  eloj;  the  filter.  W  lu-n  the  «//'/»» 
are  ahsent,  a  .sptare  metre  of  surfjuv  usuallv  filtei-s  20  cui»ic  metn- 
Ix'forc  cleaniui;  is   ne<-cs><arv,  hut    in   summer  the  t-ipacity  is  not  over 

wliicli  iK'cnr  in  our  own  |hiiuIs  :intl  wliidi  hav*'  ).'ivcii  iiiiirli  lroiil>U<  in  <Minic  of  unr 
wjitiT  >u|i|>lies,  .IS,  for  in-.tJin»f,  nt  S|irinptu'l«f  and  Il<r.|on,  Ma-o.,  and  at  Alliany  an<l 
Nt'w  York. 

*Stt'  KirkwtMNi,  Filtration  ot'  Kivir  Water.  N«'w  York:  \'aii  N'r-trnn.i.  I'^'.fK 
Nifliol.s,  Kilt  nit  ion  of  PolaMv  Wnler.     Now  York:   Van  Xoclninil,  IsT!'. 

t'riu'  innjiiiiiim  ratp,  pivon  iilMive  l>y  I'iefko  a-  0*1  ntclri'  downwarti*  jm  i  ii.m,i. 
woulil  Ik'  at  thf  nil*'  of"  nt-arlv  (iU  I'.S.  gallons  |K'r  Mjimre  foot  of  >nrfaci'  in  24  lionr- 
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10  cubic  metres  to  the  same  area.  Sometimes  the  meteorological  con- 
ditions are  such,  especially  late  in  the  season,  that  the  (dr/(r  enter  into 
decay  and  form  a  peculiar  slimy  and  almost  impervious  coating  over 
the  surface  of  the  sand  so  that  it  becomes  impossible,  under  the  pres- 
sure commonly  employed,  to  pass  more  than  2  cubic  metres  of  water 
through  1  square  metre  of  sand  surface.  This  decomposition  of  the 
algce,  as  described  by  Pief  ke,  has  often  been  noticed  in  the  ponds  and 
reservoirs  of  the  Eastern  and  Middle  States,  and  the  very  particular 
observations  which  Piefke  gives  on  this  point  are  well  worth  the 
the  attention  of  any  who  are  called  upon  to  consider  the  question  of 
filtration  in  this  country.  We  may  note  the  fact  that,  under  tlie  con- 
ditions just  referred  to,  the  superiority  of  the  covered  beds  became 
very  evident.  As  has  been  observed  in  this  country,  the  decay  of 
algfe  increased  very  much  the  amount  of  ammonia  (of  ''albuminoid 
ammonia")  and  of  nitrites  and  nitrates,  A  rather  curious  observation 
was  made,  in  the  decomposition  of  the  algce  on  the  open  Hlter-beds. 
The  gaseous  products  of  decay  collected  in  bubbles  until  these  were 
sufficiently  large  to  break  through  the  slimy  coating  and  rise  to  the 
surface.  In  the  hot  days  of  August  this  evolution  of  gas  was  very 
considerable,  and,  as  a  result  of  this  piercing  of  the  coating,  a  ''dead" 
filter  was  sometimes  brought  again  into  activity;  when  such  a  filter 
was  cleaned  the  little  cavities  in  the  sand  thus  produced  were  clearly 
defined,  filled,  of  course,  with  accumulated  dirt. 

The  alf/fv  are  not  to  be  regarded  as  an  unmitigated  evil.  Besides 
making  the  removal  of  the  finer  portions  of  the  sediment  possible,* 
in  their  growth  they  are  purifying  agents;  they  change  at  least  a  part 
of  the  dissolved  organic  matter  into  insoluble  substances  Avhich  settle 
to  the  bottom  and  can  be  removed  by  filtration.  It  is,  however,  desir- 
able that  the  water  should  not  remain  in  contact  with  them  after  they 
have  begun  to  decay. 

If,  after  filtration,  the  apparently  perfectly  clear  Spree  water  is 
allowed  to  stand  for  eight  or  ten  days,  green  alga'  develop  themselves, 
which  is  probably  due  to  the  fact  that  the  spores  of  the  plants  are  not 
retained  by  the  filters.  This  fact,  however,  is  of  no  practical  conse- 
quence in  the  case  of  the  Spree  water,  for  the  water  is  consumed  long 


*Tlie  difficulty,  which  exjjeriments  have  shown  to  exist,  in  ol)taining  h_v  sand 
filtration  a  clear  and  bright  water  from  some  of  our  Western  and  Soutiiern  streams, 
which  are  chai-ged  with  clay,  is  probably  greater  tlian  it  would  be  in  tlie  presence  of 
suspended  vegetable  matter,  which  in  itself  would  be  considered  an  objection. 
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before  the  s|)()i(-<  liuvi'  lia<l  time  t«»  (|i'V<l<»|».  Tliis  i>  not  tlif  ca-r  with 
all  wat<'rs,  a.s  liji.'<  Imjcii  found  l»y  cxnericncti  in  the  works  wiiidi  supply 
another  j)ortion  of  IJrrlin.  The  "jrround  wat<.'r"  of  the  T<'<j<'l  supj)ly 
contains  an  "ff/a,  the  rrcnnlhrix  jxt/i/xjjorfi,  of"  such  rapid  (JevelopuHMil 
that  tihralioii  woiiM  n«tt  l>c  of  rMU<-h  use,  a.-«  thf  unrt'in<>ved  s|Mjrc> 
Would  develoj)  in  the  st-rvief  pi|»('s  before  thf  water  was  consunifd. 

As  hits  hern  mentioned,  the  S|)re<'  water  often  po-;ses.ses  to  a  niarke<l 
degree  the  l»ro\\  nish-\-ellow  color  coniinon  to  stream^  whieh  flow 
throuirh  marshy  or  jM-aty  rei;ion>  and  to  the  water  of  most  impoundini: 
re.servoir>.  This  color,  with  the  taste  which  at  times  accompanie.-  it. 
gives  ri.se  to  general  complaint,*  but  even  very  slow  filtration  fails  to 
remove  it  f<i  anv  lonsiderahle  extent.  Filters  of  finely  prejtared  cellu- 
lose remove  a  larire  |)roportion  of  the  cohir,  hut  are  h.-irdly  pra<-tical»le 
on  the  large  scale.  If  simd  filters  havea>light  action  in  this  direction, 
it  is  to  he  asciil)e(|  rather  to  the  >c(limeiit  cont.iining  vegetable  fibre 
than  to  the  sand  itself. 

A  few  practical  details  of  manag<'ment  may  be  ol"  interest,  in  the 
lierlin  bed>  the  thickne.ss  of  the  >and  i-<  <»<»()  millimetres  (al)oiit  2  fe<'t). 
At  iiiU'U  cleaning  the  sand  is  removed  for  a  <le|)th  of  about  10  milli- 
metres, but  fresh  sand  is  not  returned  to  the  be<l  until  oidy  about  20n 
millimetres  of  the  original  thickness  remain.  The  fold  sand  is 
allowed  to  stand  exposed  to  the  air  until,  by  decav,  the  organic  matter 
lias  lost  it.s  slimv  charactei-;  it  is  then  wa>he«l  and  cvt-ntiially  rej)lac«i| 
upon  the  beds.  When  the  filteis  arc  emptied  the  water  is  drawn 
<-ompletel\  olf,  and  i»v  siicces>i\-e  and  svstematii-  stirring  nearly  th'- 
entire  thickness  of  the  sand  is  expose<l  to  the  air  in  (»rdcr  that  the 
small  amount  of  organic  matter  which  was  not  ret;iine«I  at  the  surface 
may  I  )e  oxidized  and  destroyed.  With  the  s;ime  object  in  view,  the 
air  is  allowed  to  circulate  freely,  for  several  days  if  possible,  through 
the  coarser  imderlving  material.  The  filters  are  fillcil  from  Ix-low  with 
filtere<l  water,  and  tlu'U  the  water  is  |)asse«l  throu^di  >lo\\ly  and  i- 
al lowed  to  wa.ste  for  several  days. 

Artificial  filtration  is,  on  the  whole,  not  a  ditlicull  upcr.ition,  but  it 
is  »)ne  in  whiih  the  detail-  must  be  «'onscientiou>ly  an«l  intelligently 
attoiidetl  to,  and  there  is  no  room  for  negligt-nce  or  false  tHHiiiomv. 
That  the  beils  must  be  often  clojiiieil,  that  from  time  to  time  a  few 
thousand  cul>ic  metres  of  filtere<l  water  must  W  u.s(h1  in  n>tilling  the 
l>eds:  these  are  niatteis  o{'  no  consiipuMice  it"  it   is  thereby  jxts-ible  to 

*Tliis,  too,  is  ail  American  ox|HTioinv. 
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reach  the  main  object  in  view — namely,  the  furnishing  of  a  good 
water.  The  place  for  economy  is  in  the  choice  of  the  cheapest  way  of 
carrying  on  the  various  details  of  the  works, 

Pief  ke  also  describes  experiments  on  the  use  of  iron  as  a  purifying 
medium  as  a  preliminary  to  sand  filtration,  but  the  experiments  did 
not  awaken  hopes  that  iron  could  be  used  advantageously  on  the  large 
scale.  .  

REPORT  OF  THE  COMMITTEE  on  SCIENCE  and  the  ARTS 
ON  GRISCOM'S  ELECTRIC  MOTOR  AND  BATTERY. 


Hall  of  the  Fuanklin  Institute,  )^ 
Philadelphia,  January  8th,  1881.      j 

TJie  Sub-committee  of  the  Committee  on  Science  and  the  Arts,  con- 
stituted by  the  Franklin  Institute  of  the  State  of  Pennsylvania,  to 
whom  was  referred,  for  examination,  Griscom's  Electric  Motor  and 
Batterv,  report  that  a  meeting  was  held  at  the  residence  of  the 
inventor,  Mr,  William  W,  Griscom,  on  December  14th,  1880,  when 
the  apparatus  was  exhibited  and  operated  as  a  motor  for  an  ordinary- 
No.  8  Wheeler  &  Wilson  sewing  machine, 

A  second  meeting  was  held  at  the  Hall  of  the  Franklin  Institute,, 
on  December  28th,  at  which  time  two  motors  were  carefully  examinal 
by  the  committee, 

A  number  of  queries  in  relation  to  the  novel  features  claimed  for 
the  apparatus,  and  their  possible  practical  value,  had  been  submitted 
to  the  inventor ;,  these,  together  with  his  replies  thereto,  were  read  and 
considered. 

Members  of  the  committee  have  also  informally  visited  the  labora- 
tory of  the  inventor  for  the  purpose  of  witnessing  the  operation  of 
the  motor  under  varying  conditions,  and  to  make  such  tests  as  lay 
within  their  power. 

The  mechanism  may  be  described  as  follows  : 

The  motor  consists,  briefly,  of  two  semi-circular  electro-magnets 
which  together  form  a  ring ;  their  poles  project  inward  and,  together 
Avith  the  wire  coils,  form  a  cylindrical  tube  within  which  a  Siemens 
armature  revolves. 

The  poles  extend  laterally  beyond  the  ring,  forming  supports  for  tUe 
brackets  which  carry  the  bearings  of  the  armature  and  the  brushes  of 
the  commutator.     In  order  to  reduce  the  wear  of  the  journals  to  a 
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niiiiiiiiiiiii,  tin-  ImmiIiil'^  ai';  iii:i(lr  fniii-  film-  the  tliaiiM'k-r  <>t'  the  shaft, 
and  tli(;  (linMti(»ii  of  tlic  wear  is  away  from  tli<*  point  of  nearest 
ajH)n>acli,  so  that  the  poles  of  the  arinatun-  aiul  iiiagiiets  (tin  never 
corne  in  contiict  from  this  cjinse;  a  fn'ijnent  scjnrce  of  annoyanc*.*  and 
(lanj;er  in  fornirr  motors. 

The  frirtion  whcols  of  the  hrushcs  an-  in  |>aiiN  and  the  shajM,-  of  the 
commiitattir  is  such  that  one  whc*;!  will  always  tou<h  one-half  of  tin* 
commutator  In-fore  its  companioM  haves  the  other. 

I'lic  tension  of  th(!  Ix'It  is  i-eadilv  adjusted  l»v  mean-  of  a  tork 
whi<'h  carries  the  motoi^s. 

The  battery  eonsistn  of  six  one-;rallon  cells,  into  each  of  whiih 
|>lnnges  a  plat<!  of  zinc  4  inches  l<»n<x  aixl  "J  iiiche-  wide  and  two  plates 
of  carhon  exposin<;  a  liUe  sin'face. 

The  lar;;e  amount  of  li(juid  (electropoion)  is  merelv  to  sive  the 
lroul)le  <)f  fre(|UeMtly  recharj;in^  ;  a  hattei'v  containing  six  dnichms 
per  cell  f^ives  ecpial  jwiwer  hut  for  a  shorter  period.  It  is  estimatwl 
that  the  Wjifterv  once  char<;ed  will  continue  to  supjdy  the  motor  with 
sufliirient  power  foi"  all  ordinary  use  of  a  sewinj^  machine  in  a  private 
familv  tor  many  months,  or  prol)al)ly  oju;  year,  without  r«'tillin<;.  It 
is  inclos<.'d  in  a  ti<;ht  hox  which,  covere*!  with  a  cushion,  servj-s  as  a 
seat  for  the  operator.  The  metho<l  of  automaticidly  reniovini^  the 
plates  from  the  solution  when  not  in  use  will  l»e  t'oiind  descrilKiJ  els«.'- 
where  in  this  report. 

In  the  coiu'se  of  this  investi^.ition,  certain  seemingly  novel  and 
certainly  interesting  theories  relating  to  this  sul»je<-t  were  elicite<l  from 
the  inventitr;  hut,  as  this  report  is  desigiUHJ  to  he  a  simple  statement 
of  observed  tacts,  the  committee  would  re<'ommend  that  a  sjKvial  com- 
mittee of  ex|)erts  in  electricjil  science  be  appointed  to  thorougldy 
explore  and  decide  u|>ou  the  merit-  of  these  purelv  theoretical  consid- 
I'rations. 

The  inventor,  in  hi-  application  (No.  IIS.S)  dateil  .Novemln'r  2.*J<I, 
18S0,  to  the  Committee  on  Sience  and  the  .\rt>  o|' the  Franklin  Insti- 
tute, wrote  as  follows: 

"(rentlemen.  Von  an'  re^|M'ctfully  re«juesteil  to  examine  into  the 
iu<rits  ol"  and  itpori  upon  (iri^com"-  lOleotric  Motor  and  lijitterv. 
Yoiu"  attention  being  more  es|H'cially  inviti**!  to  the  jM>wer(»f  the  motor 
in  proportion  to  its  si/.e,  its  simplieity  ot"  construction,  its  mechanical 
details  and    its  adaptability  to  general  us«',  and   also  to  the  method  of 
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graduating  the  current  from  the  battery  and  other  peculiarities,  ren- 
dering; it  a  safe  and  suitable  battery  for  household  use." 

The  committee,  having  made  a  careful  examination  of  all  of  these 
points,  begs  leave  to  report  upon  them  seriatim  as  briefly  as  possible. 

First.  Power. — The  power  of  the  motor  depends  upon  the  quantity 
of  electricity  furnished  by  the  battery ;  this  is  easily  regulated  by 
raising  or  lowering  the  zinc  and  carbon  plates  in  the  exciting  fluid. 
It  was  found  that  when  the  ])lates  were  but  partially  plunged  in  the 
bath,  sufficient  mechanical  power  was  developed  by  the  motor  for  all 
ordinary  requirements  of  a  sewing  machine,  and  when  fully  immersed 
it  was  more  than  sufficient  to  drive  a  large  needle  through  sixteen 
layers  of  cotton  cloth  at  a  very  rajiid  rate. 


Second.  Size. — The  size  of  the  motor  is  'I^  inches  in  diameter  and 
4  inches  long  and  its  weight  is  but  2|  pounds ;  it  is  securely  attached 
by  a  light  frame  to  the  table  of,  the  sewing  machine. 

Third.  Construction. — The  entire  apparatus  appears  to  be  simple  in 
its  construction,  excellent  in  all  its  mechanical  details,  and  its  adapta- 
bility to  general  use  is  not  ([uestioned  by  the  committee. 

Fourth.  The  Battery. — This  differs  from  the  ordinary  Grenet  form 
mainly  in  the  automatic  arrangement  for  removing  the  plates  from  the 
bath  and  in  the  large  size  of  the  cells,  holding  one  gallon  of  "  electro- 
poion  "  fluid  each.  The  method  of  graduating  the  strength  of  the 
current,  and  consequent  speed  of  the  motor,  is  as  simple  as  it  is  effect- 
ive.    A  very  slight  pressure  of  the  foot  on  the  treadle  suffices  to  start 
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the  inucliine  a>  i:ia<lii:illy  :is  may  Ijc  <l(-iir<Ml;  the  .-.|M'tf«l  may  tln-n  Ix- 
increased  uj)  to  one  tlioiisaml  or  more  stitrhe.-s  |)er  minute  \vhi«li,  it  i> 
.said,  is  eonsideral)!y  taster  than  is  now  attained  Ity  prote^ional  -rwini; 
women,  while  others  seUlom  sew  more  than  .'>(M>  to  100  stiteh*-  j)er 
ininnte. 


Two  form>  of  tin-  hatterv  were  >h<iwn,  in  Ixith  of  wliieli  the  j»hit«*s 
are  antomatieally  raised  altuve  the  hath  wh«'n  not  in  actnal  ns*-.  In 
one  loriu  thi-  is  aceom|)li^ln'd  l)y  means  of  a  spiral  >|)rinir  atta<-he«l  at 
either  en<l  of  tin-  l>ar  to  which  the  plates  are  ])ermaiu'ntly  fastcntil. 
Tn  the  other  a  similar  result  is  attaine<l  hy  means  ot"  a  eouiitii-  wii.rlit 
on  the  small  arm  of  the  lever  attaeiieil  to  the  trwulli'. 

It  would  seem  to  your  committee  that  the  im|v»rtant  nt«vel  leatuif 
in  this  hattery  consists  in  the  size  (tf  the  cells,  which  thus  enable^  it  to 
<'ontinue  operative,  without  recharixinyf,  for  a  i^reat  lenijtli  of  time  As 
the  curnMU  is  necessariU"  internnttent  when  tin-  motor  i-«  runnin>;.  and 
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a.s  the  plates  are  frequently  raised  and  lowered  by  the  (>j)erator  to 
accommodate  tiie  iieed.s  of  the  work  of  .<ewinj^,  the  main  objection  to 
the  ordinary  Grenet  battery,  viz.,  the  rapid  deterioration  when  a  con- 
stant current  i.s  required,  is  avoided  to  a  great  extent,  while  its  advan- 
ta<xes  for  household  and  occasional  use  are  retained.  These  are  as 
follows  :  It  generates  no  gases  or  vapors  "  that  are  practically  deleteri- 
ous;" the  zinc  elements  do  not.  as  in  other  batteries,  require  frequent 
amalgamation  or  attention,  and  when  not  in  use  are  simply  raised 
above  the  fluid  and  allowed  to  drain. 

In  conclusion,  the  committee  recomends  "  Griscom's  Electric  Motor 
and  Battery  "  to  the  favorable  consideration  of  the  Franklin  Institute 
as  an  a])paratus  possessing  great  power  in  ])roportion  to  its  size,  sim- 
plicity in  its  construction,  excellence  in  its  meclianical  details  and  gen- 
eral adaptability  to  household  use. 

ATvEX.  E.  Outerbridgk,   Chairman, 

E.  Alex.  Scott. 

RoBT.  B.  Haines,  Jr. 

Addison  B.  Bfrk 

N.  H.  Edgerton. 

At  -a  stated  meeting  of  the  Board  of  ^Managers  of  the  Franklin 
Institute  held  November  i),  1881,  the  EUiot-Cresson  Gold  Medal  was 
awarded  to  AVilliam  ^Yoodnut  Griscom  for  his  invention  of  the  Elec- 
tric Motor,  upon  the  recommendation  of  the  Connnittee  on  Science 
and  the  Arts. 

Various  Effects  of  Magnetic  Armatures.— In  I860  Hughes 
undertook  a  series  of  experiments  which  demonstrated  the  advantage 
of  armatures  for  the  electro-magnets  which  he  employed  in  his  printing 
telegraph,  but  the  ([uestion  was  not  studied  generally.  Du  Moucel 
has  therefore  undertalccn  a  variety  of  ex})eriments,  and  he  has  found 
that  the  effects  may  be  diametrically  opposite,  according  as  the  magnets 
act  only  by  one  pole  or  by  both.  In  the  former  case  there  is  generally 
a  disadvantage,  in  the  latter  an  advantage.  The  effects  also  vary  with 
the  relations  which  the  armatures  bear  to  the  inter-polar  interval.  In 
an  ordinary  electro-magnet,  with  two  armatures,  which  may  be  placed 
at  any  required  distance  from  each  other,  the  greatest  eifect  is  gener- 
ally found  when  that  distance  is  about  one-fourth  of  the  inter-polar 
distance. — La  LumiPre  Electrique.  C. 
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Tin:  s(  iKN  riri(    immn*  inj:s  iwoiaki*  in   kij:c- 

IKK     IJCillTINd. 


l'>v   l*i:«>i'.   W.  (iKVM>  Adams,  VM.S. 

A  sf-rifs  of  "Ciiiildi   LciiiMo"  (Iclivcrt-l  Kefori'  tin-  S»<i«'ly  i>l'  Art-.  r.,i>i)i]itti,  ls«<I. 
(f 'oiitimu'd  from  \>:\gi'  37o.  i 


Willi   ( ii: AMMi;  Ma<  mini:. 

Ill  AiHilculi  ;iimI  .Meyer's  ex|»eriiii('iits  fur  SIJO  revolution- :i  iiiin- 
iile,  tlie  maximiiiii  electro-iiiolive  fiiree  is  7<»  volts  and  for  oi  volts,  or 
two-tliirds  of  the  iiiaxiiiiiiiii  value,  there  is  a  ciin-enl  of  »r"j  weiiers 
ihroiijih  a  resistance  ol"  "'S  ohms.  Jielow  this  value  the  eurreut  is 
uiist<>ady.  With  Siemens'  machine,  a  spiMvl  of  700  revolution*  a 
minute  i2;ave  a  maximum  electro-motive  force  of  7<)  volt•^,  and  for  ol 
volts  there  is  a  current  of  1")  webeis  throiiirh  a  resistance  of  •(;»;.">4 
ohms.  With  a  small  Siemens  machine,  a  s])eed  ot'  lOOO  revolutions 
|Mr  minute  irave  a  maximum  electro-nn»ti\e  t'orce  of  A'2  volts,  and  for 
two-thirtls  of  this.  Ol'  'JS  volt-,  the  <uireiii  wa-  \\'2  weher-  thr<>U'_di 
ahout  2"J  ohms  resistance. 

Dr.  IIo|»l<inson  ha>  investii^ated  the  way  in  which  the  oleciro- 
motive  force  in  a  Siemens  niacliiue  <Ie|)cnds  on  the  current.  He  ha- 
shown  that  : 

1.  The  electro-motive  force  i-,  for  a  Lriven  current,  proitortionai  to 
the  speeil  of  revolution  of  the  armature. 

2.  That  the  electro-motive  forc<'  does  not  increase  indelinitelv  with 
iiicreasinu;  current,  but, 

.">.  ( )nly  increases  in  the  dire.i  ratio  as  the  «urrent  imrea-i-  M|t  lo 
ahout  two-thirds  (»f  its  maximum  \alue. 

The  current  i.s  very  unstahle  for  .small  chanjj^e  of  re.si>tance,  or  of 
s)teed  of  enijine,  as  long  ;i.s  the  value  of  electrt)-nu>tive  fonv  is  les- 
than  two-thirds  of  its  maximum  value.     There  is  a  iXMnarkahle  ditU-r- 

ciice  In  the  ratio      ,,  depending  on  change  of  sp«»<>,I    from   (100   to  7(»0 

revolutions  a  minute,  where  the  <-urrent  chanirc-  from    ')  to  1  o  wiImi--. 
for  tlii-  increase  of  one-tenth  ol"  the  sjhihI. 

As  regards  the  relation  nf  work  con\crted    into  elcctri<"al   «'nei*uv  to 
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the  work  expended  to  prodiu^e  it,  it  appears  from  the  experiments  of 
Mr.  Sehwendler  and  Dr.  Hopkinson  that,  M'ith  the  Siemens  machines 
employed  by  them,  the  loss  of  power  was  from  12  to  14  per  cent.,  so 
that  if  the  external  resistance  of  the  circuit,  /.  e.,  the  electric  la:rap,  etc.^ 
be  so  adjusted  that  half  the  tofcil  work  produced  appears  in  the  arc, 
then  43  or  44  per  cent,  of  the  total  worlc  expended  is  produced  in 
the  arc. 

The  results  arrived  at  by  Dr.  Siemens,  with  his  latest  machine  on 
Wheatstone's  principle  are :  1.  That  the  electro-motive  force,  instead 
of  diminishing  with  increased  resistance,  increases  at  first  rapidly  and 
then  moi'e  slowly  towards  an  asymptote.  2.  That  the  current  in  the 
outer  circuit  is  actually  greater  for  a  resistance  of  l^  ohm  than  for 
one  ohm. 

With  a  current  of  30  or  40  webers,  the  horse-power  expended  was 
2*44  h.  p.,  and  the  effective  work  1*29  h.  p.,  giving  an  efficiency  of  53 
per  cent.,  as  compared  with  45  per  cent,  in  the  ordinary  Siemens 
machine.  The  maximum  energy  which  can  be  converted  into  heat  in 
the  machine  is  1'3  h.  p.  The  new  machine  will  give  a  steadier  light 
with  greater  economy,  and  may  be  driven  by  a  smaller  engine. 

The  Brush  Machink. 

Among  the  latest  continuous-current  machines  are  two  which  prom- 
ise to  be  very  successful  machines.  The  Brush,  with  a  ring  on  the 
Gramme  system,  with  eight  divisions  or  portions  hollowed  out  to 
receive  the  coils,  the  bobbins  at  opposite  ends  of  a  diameter  being  con- 
nected together  and  to  a  commutator.  When  a  pair  of  bobbins  passes 
the  neutral  point,  so  that  there  is  no  current  in  it,  it  is  put  out  of  cir- 
cuit for  one-eighth  of  a  revolution,  so  that  the  current  produced  in  the 
other  bobbins  is  not  wasted,  by  being  sent  through  the  resistance  of 
the  two  which  are  producing  no  current.  On  the  inducing  magnets 
are  wound  fine  wires,  offering  considerable  resistance,  which  carry  the 
current  when  the  external  circuit  is  open  and  keep  up  the  magnetism ; 
but  when  the  circuit  is  closed,  the  thick  wires  on  the  magnets  carry 
the  principal  part  of  the  current. 

The  internal  resistance  of  the  machine  being  about  10|  ohms  and 
the  external  resistance  73  ohms,  there  was,  according  to  calculation,  a 
current  of  10  webers  and  an  electro-motive  force  of  839  volts.  With 
these  numbers,  the  effective  work  on  the  external  circuit  ought  to  be 
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87'30   ol'  tin-    wliiilc   electrical  work    |»i-Hliiceil  ;   Imt,  pnu'ticallv,  it    is 
only  01  ))(■!•  eciit. 

Tliis  relation  ot"  work  c(»nvort(jil  ini<j  electricity  to  tlie  work  cxiH-iiiled 
ill  tills  inacliiiic,  is  about  7o  per  n-iit.,  wlicrca-s  with  both  (iratiiine's 
aiul  Sienieiis'  inachinos,  with  nlativctly  sinallor  external  roistaiiccs, 
this  ratio  is  about  «H  jmr  ceiif. 


Vu,.  .").— Till'  Kiirgiii  Macliiiie. 
Another  eontiniious-eurreiit  niaehine  is  the  Buri^in  machine,  Iroin 
Switzerland,  which  lias  only  just  been  IntiHKhiced  into  Kiijrlaiul  by 
^[r.  C'rompton.  I'\mr  or  six  colls  are  wound  on  the  sides  of  a  s<juare 
or  he\ai!;onal  tVanie,  c«>nsistinir  of  iron  wires.  The  cornel's  of  tlie 
frame  come  very  near  to  the  poles  ot'  the  mau:net>.  Tln're  are  six  or 
el^ht  of  these  frames  arran>;ed  snc(V.sslvely  in  the  form  ot'  a  helix. 
The  actual  Is  similar  to  that  of  tlu>  (inunme  machine,  the  dynaiiuv- 
electrlc  principle  Ikmhu;  introdnc<il  in  this  as  in  other  machines.  The 
construction  of  the  machine  is  very  simple,  and  its  etHclency  1ki>  1xh.mi 
proved  by  M.  du  Moncel  and  also  by  Mr.  Crompton  to  l>e  remarkably 
good.     These  macirnu's  are  ot' small  internal  resistance,  and  are  »lrivcn 
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at  lii<>h  speeds  (up  to  1600  revolutions  a  niiiuite),  so  that  there  is  con- 
siderable electro-motive  Ibrce. 

The  efficiencv  of  certain  Gramme  machines,  exhibited  by  Mr. 
Crompton  and  tested  at  the  Glasgow  Electric  Light  Exhibition,  was 
shown  to  be  such  that,  with  a  power  of  4  h.  p.  expended  in  producing 
tlie  current,  only  J  h.  p.  was  expended  on  friction  and  passive  resist- 
ances, so  that  about  88  per  cent,  was  net  power.  This  S^  h.  p.  con- 
verted into  electricitv  g-ave  a  current  of  32  webers  throu2:h  a  resistance 
of  about  2  ohms,  /.  e.,  an  internal  resistance  of  1*077  ohms,  and  the 
arc  of  a  Crompton  lamj)  giving  a  light  equivalent  to  2158  candles. 

Now,  we  may  compare  with  these  the  results  obtained  by  Mr. 
Crompton  for  the  Biirgin  machine,  running  at  a  speed  of  1675  revo- 
lutions per  minute. 

Five  machines  were  tested,  and  the  total  work  expended  was  •')'45 
h.  p.  The  amount  spent  on  friction  and  passive  resistances,  when  the 
circuit  was  open,  was  about  *25  h.  p.,  so  that  about  86  per  cent,  is  net 
power.  Tlie  work  converted  into  electrical  energy,  5'2  li.  p.,  gave  a 
current  of  20*15  webers  through  an  internal  resistance  and  conducting 
wires  of  2*8  ohms,  together  with  the  arcs  of  3  Crompton  lamps  (about 
5  ohms),  each  giving  a  light  of  2103  candles,  measured  horizontally; 

work 

tlie  electro-motive  force  = :  being;  equivalent  to  1()3  volts, 

current         °    ^ 

With  photometric  measurements  made  horizontally,  the  electric 
light  being  level  with  the  gaslight,  the  carbons  being  concentrically 
adjusted,  and  the  length  of  the  arc  being  about  3  m.m.,  the  greatest 
amount  of  light  was  found  to  be  obtained  at  1675  revolutions  ])er 
minute,  with  3  lamps,  each  of  2103  candles,  or  with  4  lamps,  each  of 
1246  candles.  The  upper  carbon  was  10  m.m.  and  the  negative  car- 
bon 13  m.m.  in  thickness.  The  consumption  of  the  upper  carbon 
M'as  4  cm.  and  the  lower  nearly  2  cm.  per  hour.  The  total  horse- 
power expended  was  5*55  h.  p.,  and  the  current,  with  3  lamps,  varied 
fi'om  18-36  to  21-94  Avebers,  and  with  4  lamps,  from  16-9  to  19-6 
webers.  All  three  lights  were  very  steady  and  much  whiter  than  the 
single  lights  of  Gramme's  machine. 

Mr.  Crompton  has  been  kind  enough  to  lend  me,  this  evening,  a 
new  Biirgin  machine,  about  which  he  gives  me  the  following  facts  : 
It  was  tried  at  1620  revolutions  a  minute,  and  a  current  of  28  webers 
was  sent  by  it  through  3  lamps,  in  series.  AVhen  the  arcs  were 
lengthened  to  one-fourth  of  an  inch  each,  the  current  was  24  webers, 
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and  tlif  arcs  ^avc  a  li^lit  of  oOOO  caiulles  eafli,  tlif  jdiotomc'tric  mea- 
surciiieiit.s  l)eiii<i^  inado  in  the  iii<»r<t  advaiitaj^eoiis  dircctioD, 

Tlie  Jiritish  Electric  Li^ht  Couipanv  have  been  grnxl  enough  to 
place  at  my  disposjd,  for  this  evening  and  for  my  lecture  next  week, 
two  Gramnie  machines  for  trying  some  of  the  electric  lamps  which 
have  been  kindly  lent  to  ww. 

These  machines  arc  driven  l»y  a  steam  engine  lent  l)v  Messrs.  Robey, 
of  Liiicohi,  and  [\n-  the  Hrockie  and 
other  electric  lamps  1  am  indebted  again 
to  the  British  Electri<;  Light  ( 'omi)any, 
to  Dr.  Siemens,  to  Mr.  (Vomj)ton  ;  to 
Mr.  Latimer  Clark  for  the  Lontin  lamj); 
for  the  Rapietf  and  \\'ilde  electric  can- 
dle, to  ^fr.  Herly;  to  the  Jablochkotf 
Electric  Light  ( 'om|)any  for  their  can- 
dles; and  to  the  Anglo-American  Light 
('om|>any  for  the  Inrush  lamp. 


Tin:  HiKxKiK  La  mi* 


Kk;.  (5. — Sii-nu'ti";'  I)itJlrfntial 
Lamp. 


The  upper  carbon  is  attached  to  an 
irmi  tube,  which  passes  into  a  solenoid, 
through  whicii  It  parses  as  the  positive  carbon  burns  away.  The  sole- 
noid forms  a  shunt  <»r  by-|»ass  for  the  arc,  and  takes  a  small  part  of 
the  ciu'reut  and  holds  up  the  iron  tube  which  carries  the  upper  c:ir- 
bou  ;  as  more  current  passes  through  the  coils,  the  motion  of  tlu'  c:ir- 
bon  is  stopped. 

A  commutator  is  s<i  arrange<l  and  tlriven  iiv  the  dvnamo  machine 
as  to  break  the  current  and  allow  the  i-arbons  to  come  in  contact  for 
an  instant  at  regular  intervals,  sjiy  every  minute.  Then  the  circuit  is 
completed  ag:iin,  the  upper  carbon  is  drawn  to  its  projK'r  distance 
apart,  and  the  light  coutimics.  At  every  minute  the  light  g<K's  out, 
biU  in>tantly  relights,  and  no  variation  ot"  light  is  |>erceiv(Hl. 

SiKMKNs'    DlFFEUEXTIAI.    LaMP. 

A  tliick-wirt'  bobbin  (T)  c:irrii>s  the  arc  current,  and  another  tine- 
wire  bobbin  (  B)  forms  a  shunt  to  the  arc.  The  interval  l)etwt»en  the 
Ixibbins  etpials  tlu'  height  of  e:ich  of  them.  The  iron  nxl  g  «'  is  of 
twice  the  length  of  each  bobbin,  and  its  ends  in  the  nt>rmal  jx^sition 
are  at  the  (vntres  of  the  Inibbins.  The  attraction  by  the  thick-wire 
Whole  No.  Vol.  CXII.— (Third  Series,  Vol.  Ixxxii.)  25^ 
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bobbin  tends  to  lengthen  the  arc  and  diminish  tlie  current,  and  so 
its  attraction  is  weakened  and  the  arc  is  again  diminished,  the 
attraction  on  the  iron  being  regulated  by  the  change  of  resistance  in 
the  arc.  A  pendulum  arrangement  is  attached  to  prevent  the  oscilla- 
tions of  the  carbon  from  being  too  sudden. 

Ceompton  Lamp. 

The  carbons  are  brought  together  by  means  of  the  weight  of  the 
upper  carbon  holder,  as  in  the  Serrin  lamps.  The  carbons  are  con- 
trolled by  means  of  an  electro-magnet,  of  which  the  principal  arma- 
ture separates  the  carbons,  and  a  light  secondary  armature  is  arranged 
on  the  back  of  the  large  one,  and  does  the  more  delicate  work  of 
bringing  the  carbons  together.  The  large  armature  supports  the  neg- 
ative or  lower  carbon ;  and  Avhen  the  small  armature  has  brought  the 
carbons  together,  so  that  a  current  passes,  the  large  armature  separates 
them  to  the  proper  distance  apart  for  a  good  light.  When  the  arc  is 
broken,  the  armature,  supported  by  a  spring,  is  raised,  and  brings  the 
carbons  into  contact,  and  relights  the  lamp.  The  small  variations  in 
the  strenofth  of  current  react  on  the  second  armature,  Avhich  is  held  at 
some  distance  above  the  large  armature  by  a  light  spiral  spring.  The 
small  armature  carries  an  arm,  which  is  applied  as  a  brake  wheel, 
which  is  the  last  wheel  of  a  train  of  wheels  set  in  motion  by 
the  weight  of  the  jjositive  rod. 

Eegulator  IX  Brush  System. 

A  very  pretty  arrangement  for  shunting  the  current  past  a  lamp 
(when  it  is  not  in  use),  so  that  one  lamp  may  be  put  out  without  affect- 
ing the  other  lamps  in  the  circuit,  is  adopted  on  the  Brush  system. 

The  current  passes  through  a  solenoid  coil,  wound  with  thick  wire, 
and  then  passes  to  the  upper  carbon,  through  the  arc  to  the  lower  car- 
bon, and  then  by  the  frame  to  the  next  lamp.  The  solenoid  holds  up 
a  rod  of  iron,  which  tilts  a  ring  on  one  side,  through  which  the 
carbon  passes,  and  so  locks  it.  To  the  end  of  a  thick  wire  of  the 
solenoid  is  attached  a  thin  wire  (150  ohms),  which  is  also  wound  on 
the  solenoid,  and  which  forms  a  shunt  or  by-pass  to  the  arc,  taking 
more  and  more  of  the  current  as  the  resistance  of  the  arc  increases. 
This  thin  wire  is  wound  the  opposite  way,  and  the  current  in  it  relaxes 
the  hold  on  the  carbon,  so  that  it  falls  slowly,  and  then  takes  more  of 
the  current.     As  soon  as  it  does  so  it  is  again  held  fost.     To  prevent 
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the  rarboii  trmii  lalliiij;  too  raj)i<lly  it  is  jKt-i-H-'tl  tliroiii;li  a  ve<-"*el  con- 
taining j^lycerine,  an<l  slides  downwanls  very  slowly.  The  current 
throuj;h  the  thin  wire  also  passe*  throu<;h  another  solenoid,  which 
forms  a  shunt  or  l>y-j)a«s  to  the  wh()le  lamp,  si»  as  to  take  all  tin*  cur- 
rent past  tlie  lamp  if"  it  should  ^et  out  of  order.  When  a  consider- 
able current  Hows  by  this  path  — «'.  <:.,  if  the  arc  l)ecomes  an  inch  long, 
so  that  its  resistance  is  greatly  increas<'d — the  se<'ond  solenoid  draws 
uj)  a  piece  of  iron,  which  lets  all  the  current  pa-^s.  and  the  lamp  is 
thrown  (tut  of  the  circuit. 

Jn  the  lirush  lamj),  which  is  designe<l  to  burn  IH  hours,  there  are 
two  pail's  of  (uirbons,  with  the  rings  on  the  upj)er  «irli<ins,  which  hold 
them  by  friction,  so  adjusted  that  one  is  held  almut  one-fourth  of  an 
inch  above  the  other,  and,  therefore,  the  second  carlxin  will  not  come 
into  action  until  the  first  falls  or  is  burnt  out. 

All  the  ele<*tric  candles,  such  as  the  Jal»lo<'hkotf  candle,  the  Jamin 
candle,  the  Wilde  candle  and  the  De  Meritens  can<lle,  consisting  of 
three  carbons,  are  fe<l  by  means  of  alternate  current  machines,  ln'cjiuse 
it  is  essential  that  the  two  carbons  should  burn  away  ei|ually.  In  the 
Jamin  and  the  Wilde  candle  the  carlx)ns  are  at  first  in  conta<'t,  but 
when  the  current  passes  one  of  the  c^irbons  is  sepaiiited  from  the  other, 
J)ecause  it^  holder  is  s«>t  on  a  hinge,  so  :»s  to  be  acte<l  upon  by  a  small 
electro-magnet  thi'ough  which  the  current  pass^-s. 

M.  Joubert  has  found  that  it  is  necessary,  in  ortler  to  keep  the  arc 
steady  with  the  JabhwlikofV  candle,  that  the  alternate  current  in  the 
circuit  should  have  a  mean  value  of  eight  or  nine  welx.'rs,  and  that 
l)elow  five  webers  the  arc  cjinnot  l)e  kept  alight ;  l>etween  the  bases  of 
the  tw<»  c:irl)ons  forming  the  cjindle  there  is  an  electromotive  force  of" 
40  or  45  volts.  The  JabhM'hkoff  candle  uses  up  al)out  M  kilogr.im- 
metres  of  work,  of  which  IVA  kilogram  metres,  or  4M>  h.  p.  is  converte«l 
into  heat  an<l  light. 

AN  hen  the  arc  is  j»r(Mluced  in  a  magnetic  field,  either  1)V  disturbiiii; 
it  by  an  ele<'tro-magnet,  or  by  placing  a  fram«'  around  it,  a>;  in  the 
Jamin  ("juidle,  it  is  necessary  to  have  a  current  half  as  large  again  a- 
when  the  ele<'tro-magnet  is  not  in  a<*tion.  (^ne-thinl  of  the  energv  of 
the  current  is  in  such  a  c:Lse  sjwnt  in  prodncing  a  stnjng  magnetic  field 
around  the  electric  arc,  and  is,  therefore,  so  much  waste<l  enenp*,  as 
far  as  the  eleinric  light  is  concerne«l. 

When  gas  was  fii-st  intr^xhuxHl  extensively  for  lighting  purj>rtses, 
many  objections  were  raiseil  to  its  use,  and  among  them  w;u<  t»ne  wjjich 
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was  recorded  by  Clement  Desormes,  in  1819,  which  is  summed  up  in. 
the  following  quotation  : 

"  The  light  is  of  a  disagreeable  yellow  color,  entirely  different  from 
that  red  and  warm  gleam  of  oil  lamps ;  it  is  of  a  dazzling  brightness ; 
its  distribution  will  be  impossible  and  irregular,  and  it  will  be  much, 
dearer  than  oil  lighting,  and,  even  if  it  should  be  improved,  it  will 
still  remain  much  dearer  than  those  lights  which  we  already  possess." 

Just  as  Desormes  had  become  accustomed  to  the  red  gleam  of  oil 
lanips,  and  objected  to  the  coldness  of  the  yellow  gas  light,  so,  a  year 
or  two  ago,  a  similar  objection  was  raised  against  the  electric  light, 
that  it  was  entirely  different  from  the  yellow  and  warm  gleam  of  gas- 
light;  that  it  is  of  a  dazzling  brightness;  that  its  distribution  would 
be  impossible  and  irregular ;  and  that  our  streets  would  be  left  in 
darkness. 

These  objections  do  not  seem  to  be  so  strongly  taicen  up  by  the 
public  as  they  were  two  years  ago,  for  they  have  seen  several  trials  of 
the  electric  light ;  and,  although  there  are  many  difficulties  in  the  way, 
yet  the  fact  that  the  electric  light  has  all  the  colors  more  uniformly 
blended,  and  is,  therefore,  a  whiter  light  than  gas,  and  enables  objects 
to  be  seen  in  their  true  colors,  can  hardly  be  urged  any  longer  as  aiii 
argument  against  its  use.  The  same  argument  might  be  urged  for  the 
same  reason  against  bright  moonlight,  or  against  the  light  of  day,  and 
in  favor  of  the  yellow  London  fog.  The  Kyrle  Society,  in  its  search 
after  truth  and  beauty,  must  surely  be  strong  supporters  of  the  spread 
of  the  electric  light. 

If  we  return  to  the  Report  of  the  House  of  Commons,  we  find  the 
following  statement: 

"  A  remarkable  feature  of  the  electric  light  is  that  it  produces  a 
transformation  of  energy  in  a  singularly  complete  manner.  Thus  the 
energy  of  1 -horse  power  may  be  converted  into  gaslight,  and  yield  a 
luminosity  equal  to  12-candle  power.  But  the  same  amount  of  energy 
transformed  into  electric  light  produces  1600-candIe  power." 

The  experiments  of  Mr.  Schwendler,  of  Dr.  Hopkinson,  and  of 
others,  have  shown  that,  both  with  the  Siemens  machine  and  with  the 
Gramme  machine,  88  per  cent,  of  the  total  work  expended  is  converted 
into  electrical  energy.  Theory  has  established  that,  if  the  external 
resistance  of  the  circuit  is  equal  to  the  internal  resistance  of  the  bat- 
tery or  magneto-machine,  the  available  work  in  the  external  circuit  is 
a  maximum.  \ 
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Siipjxxsc,  tlicn,  that  wo  have  40  (rrove's  cells,  each  of  "2o  ohms 
resistance,  and  of  an  electro-motive  force  <»f  2  volts,  the  external  resist- 
ance heinj^  10  ohms — 

rpi  /-,  />  40  A  ,         1 

i  lien  (J  =  _ .  = =  4  Nvel)er.-, 

'^         li  +  /•        40    X   -25  -f  10 

and  E(/  =  2  X  4  X  40  =  320. 

Tlie  worlv  done  in  the  external  circuit  is    '— =   16   kil'Kri-nin- 

ft-81    X  2 

metres  per  second  nearly,  or  al)out  r,  h.j). 

A  small  (iramme  machine  of  the  A  type,  havini^  an  internal  resist- 
ance of  4*08  ohms,  and  with  an  external  resistance  of  4  ohms,  ^ives  an 
electric  cnrrent  of  17'5  wehers  and  an  electro-motive  force  of  lo«s-.") 
volts,  ^ivin^  an  amount  of  work  e(juivalent  to  2  h.|).,  J-y^  =  KJO/  17 
nearly  =^  S  times  the  cner;^y  of  40  cells  of  (trove. 

If  we  wislic<l  to  replace  such  a  machine  hy  (Jrove's  cells,  we  .-hoidd 
have  to  arran<re  ahoiit  SO  <-('lls  to  iret  iha  same  electro-motive  force, 
und  to  make  each  cell  al)oiit  four  times  as  larjjje,  or  to  arrange  320  cells 
in  fom*  sets  of  80  in  each  set,  to  i;et  the  same  amount  of  external  work 
done  ;is  hy  the  (iramme  machine.  This  will  show  how  im|)os.sil)le  it 
is  to  do  the  work  hy  voltaic  batteries  whicjj  can  l)e  done  hv  mairneto- 
electric  machines. 

The  e(pia(ion,  work  =  J'J(^,  may  l)e  .sitistie<l   in   two  wav «Mther 

by  makiui:  (^  lari^e  and  A' small,  /.  c,  making  what  is  calle«l  a  (pian- 
tity  machine  which  will  oidy  do  etfeetive  work  when  the  external 
resistance  is  small  ;  or  we  may  make  (^  small  and  A'  large,  /.  c,  what 
is  eddied  a  tension  machine,  which  re(juires  an  external  resistam-e  huv 
enough  to  prevent  the  machine  from  being  overheated,  and  to  .s;itisl\ 
thii  relation  foi-  the  grejitest  amount  of  external  etfe<'tive  work. 

C'n.Mi'AlJlsoN    of    Two   (i1:aM.MI;    Ma<  IIIMv>. 

Number  of  turns  per  minute, 
Internal  resistiince. 
External  resistance, 
Current  in  webers, 
Kleitro-motivc  fori*e  in  volts, 
^\  ork  >|H'nt  to  prtHlui-e  current. 

Thus  we  sei»  that  the  total  amount  of  energy  is  nearly  the  same  in  th- 
two  cases,  but  in  one  case  it  is  sjH-nt  in  driving  a  large  current  tiirough 


i^iiaiititv. 
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a  small  resistance,  and  in  the  other  a  smaller  current  is  sent  through' 
nearly  four  times  the  resistance,  and  to  do  this  a  higher  electro- motive 
force  is  required.  This  higher  electro-motive  force  is  obtained  by 
increasino-  the  number  of  turns  of  wire  in  the  bobbin  and  in  the  mag- 
net,  so  strengthening  the  magnetic  field,  and  also  by  increasing  the 
number  of  turns  of  the  machine. 

We  arrive,  then,  at  the  conclusion  that,  to  overcome  higher  resist- 
ances more  effectually,  higher  electro-motive  force,  and  therefore 
hio;her  speed  is  required.  Now  our  resistances  may  be  so  high  that 
an  ordinary  current  of  electricity,  even  from  a  dynamo-machine,  will 
not  pass  through  it,  in  which  case  we  have  to  resort  to  another  method 
of  producing  electricity,  of  still  higher  electro-motive  force,  but  the 
(quantity  produced  is  then  considerably  diminished.  We  have  then  to 
take  an  induction  coil,  consisting  of  two  coils,  in  one  of  which  a  cur- 
rent of  electricity  from  a  battery  is  passing,  and  by  suddenly  breaking 
and  making  this  current,  to  obtain  great  changes  of  the  magnetic  field, 
and  hence  great  electro-motive  forces,  and  so  get  very  powerful  alter- 
nating currents.  We  know  the  effect  of  checking  suddenly  the  flow 
of  water  in  a  ]Mpe.  Sometimes  the  increase  of  pressure  so  produced 
may  be  sufficient  to  burst  the  pipe,  and  this  is  one  transformation  of 
the  energy  of  motion  of  the  water.  This  is  analogous  to  the  develop- 
ment of  the  energy  of  the  induction  current  by  the  sudden  checking  of 
the  electric  current  in  the  primary  circuit.  Water  may  be  rai.sed  to  a 
high  level  by  a  series  of  sudden  impulses,  as  in  the  hydraulic  ram.  A 
flow  of  a  considerable  quantity  of  water  being  suddenly  stopped,  there 
is  at  once  a  sudden  increase  of  pressure,  which  is  sufficient  to  lift  a 
valve,  and  allow  a  small  quantity  of  water  to  pass  into  the  reservoir 
or  air-chamber.  This  air-chamber  regulates  the  action  of  the  flow  of 
water  u})  the  pipe  from  the  reservoir,  just  as  the  resistance  and  capa- 
city of  the  secondary  circuit  regulate  the  secondary  induction  current 
when  the  primary  current  is  broken.  The  action  of  the  induction  coil 
is  very  well  illustrated  by  the  action  of  the  hydraulic  ram,  the  level 
to  which  water  is  raised  corresponding  to  the  electro-motive  force 
of  the  secondary  circuit.  Just  as  in  the  hydraulic  ram,  the  quantity 
of  water  raised  by  the  machine  is  at  the  best  only  about  66  per  cent, 
of  the  quantity  used,  so  in  making  use  of  the  induction  current  to  da- 
work,  or  to  produce  the  electric  light,  it  is  impossible  to  convert  more 
than  a  fraction  of  the  energy  of  the  original  current  into  useful  work.. 

In  the  two  systems  of  electric  lighting  to  which   I   wish   to  draw 
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.special  attoiitidii  this  evening  we  have  instances  ot'  tlie  two  oj»jM»site 
niethud.s  of"  aceoniplishinjj;  tiie  same  end,  viz.,  tin-  liglitinj^  of  nuHlerate- 
sized  rooms  by  a  steady  and  pleasant  li^^lit. 

ThK    \VKRI)f:RMAXN    Oil    JoKF-    Kl,i;«TUI<      LiGHT. 

Ill  the  W'crdeniiann  sysK.-m,  or  tlic  Ucynicr  system,  a  small  thread 
or  point  (»t'carl)on  ahnts  against  a  plate  or  edge  of"  Ciirbon  orof  cojtper, 
and  becomes  heated  by  the.  cnrrent  so  as  to  give  (Hit  a  glowing  light, 
an<l  gra<lually  consumes  away,  Ixit  more  and  more  slowlv  as  the  car- 
bons are  are  more  and  more  iiiipnivcd.  In  these  lamps,  kindly  lent 
to  me  by  Mr  Latimer  (Jlark,  and  in  these  Joel  lamps  kindly  lent  to 
me  by  Mr.  .Joel,  who  has  introdnced  several  improvements  into  the 
original  \\'erdermann  lamp,  the  resist;niee  of  the  eontaet  of  carbon  is 
very  .small,  about  "134  of  an  (»hm  ;  hence  it  will  take  several  of  them, 
7  or  8  (or  perhaps  10),  arranged  in  series  in  the  same  circuit,  to  cipud 
the  resistance  »»f  the  electric  arc.  To  work  these  lamps  of  low  resist- 
ance only  a  low  cicctro-motivc  force  is  recpiircd,  and  so  the  result  is 
attained  by  driving  a  small  resistance  dynamo-ele<-tric  machine  at 
moderately  low  speed;  or  by  placing  a  considerable  luunber  of  lamps 
in  series,  .so  its  to  make  their  c(»mbinetl  resistance  e<jual  to  or  greater 
than  the  internal  resistance  of  the  machine.  Thusa  (iramme  machine, 
revolving  at  the  rat<'  of  1200  revolutions  a  minute,  giving  an  electro- 
motive force  of  about  b'iO  volts,  will  give  a  current  of  50  weljers 
through  about  10  lamps  in  series.  Hut  this  current  gives  an  illumina- 
ti(»n  of  .■>20  candles  in  each  lam]),  so  that  with  this  current  we  get  an 
illumination  of  .5200  candles  in  10  lights.  Now,  the  energy  expentled 
to  |»roduce  this  mte  of  revolution  in  a  Gramme  ma«'hine  is  al)out  !<  or 
10  h.p.  Ilerice  the  ^^'erdermann,  or  the  .Knil  lamp,  gives  at  least  two 
lights  (»f  IGO  candles  each  for  each  h.p.  of  energy  expendiMl. 

Mr.  Alex.  Siemens  lays  down,  in  his  paju'r  on  "  Kle<'tric  Lighting,' 
that  I  lbs.  of  coal,  costing  15s.  a  ton,  will  prtKbuv  1  h.p.  of  energy 
per  hour,  and  that,  il  a  steam-engine  be  emploved  to  |»r'MbKv  an  ekv- 
tric  light  of  ()(K)0-candles  power,  the  cost  would  Im-  5«1.  per  hour.  If 
the  same  illumination  be  product^l  by  15  lights  (tf  4(M)  e:indles  each, 
the  cost  would  be  2s.  Id.,  or  five  times  as  much.  Ilenrf  the  cost  for 
a  tOO-eandle  light  would  Ih^  at  the  rate  of  al>out  1  jjd.  jH'r  hour. 

Now,  by  comparison,  we  may  get  some  i<lea  of  the  pritv  of  the  elec- 
tric light  when  obtaintil  by  means  of  tlu'  W'erdermann  or  Jix'l  lamp. 
If  we  compare  the  light   obtained   by  the  .loel  or  ^^'erdermann  lamp 
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with  tliat  from  the  400-canclle  light  from  the  are,  we  get  about  320 — 
or,  say,  300 — eandle  power  in  the  Joel  light  for  800-candle  power  in 
the  other.  Hence  the  price  of  the  electric  light  from  a  Joel  lamp 
should  be  at  the  rate  of  6|d.  per  hour  for  a  600-candle  power  light. 

Now,  according  to  Mr.  Alex.  Siemens'  estimate  for  gas,  the  price  of 
gas  would  be  at  the  rate  of  about  5|-d. — or  nearly  6d. — per  hour  for 
the  same  light.  In  other  words,  the  cost  of  the  electric  light  from  the 
Joel  lamp  would  be  nearly  the  same  as  gas  at  the  rate  of  4s.  per  1000 
cubic  feet. 

In  estimating  the  candle-power  of  lamps  it  is  usual  to  place  the 
photometer  on  the  same  level  with  the  lamp,  so  that  the  surface  is 
illuminated  by  the  rays  proceeding  horizontally  from  the  lamp.  Now, 
in  all  lamps,  whether  Werdermann  or  arc  lights,  which  are  fed  by  a 
continuous  current  machine,  the  current  passes  from  the  positive  car- 
bon to  the  negative  always  in  the  same  direction  ;  and  in  the  arc  lights, 
the  upper  positive  carbon  becomes  worn  away  into  a  hollow ;  hence  a 
portion  of  this  carbon  obstructs  the  light,  and  the  greatest  intensity  of 
light  is  not  in  a  horizontal  direction,  but  downwards,  at  an  angle  of 
about  60°  below  the  horizontal.  The  illumination  in  this  direction  is 
about  three  times — or  even  more  than  three  times — the  illumination 
in  the  same  horizontal  plane  with  the  arc ;  hence,  when  it  is  said,  in 
the  report  of  the  Glasgow  tests,  that  a  dynamo-machine,  at  1200  revo- 
lutions per  minute,  wall  give  a  light  of  2060  candles,  for  an  expendi- 
ture of  4  h.p. — the  light  being  measured  horizontally — we  see  that  the 
illumination,  in  a  direction  inclined  dowaiwards  at  an  angle  of  60° 
below  the  horizon,  would  be  6500  candles  for  4  h.p.  or  at  least  1625 
candles  per  h.p.  This  will  also  explain  why  lights  fed  from  continu- 
ous-current machines  should  be  placed  at  a  considerable  height  above 
the  area  to  be  illuminated.  This,  combined  w'itli  the  fact  that  it  is  far 
more  economical  to  })roduce  one  very  powerful  light  by  means  of  a 
large  machine,  than  several  smaller  lights  to  illuminate  the  same  area 
to  the  same  degree,  will  explain  why  Dr.  Siemens  is  erecting  his  large 
lamps  at  so  great  a  height,  for  the  trials  of  electric  lights  which  we 
shall  shortly  have  an  opportunity  of  seeing  in  the  city. 

Sub-division  of  the  Electric  Current. 

The  next  point  to  which  I  propose  to  draw  your  attention  this  even- 
ing is  the  sub-division  of  the  electric  current. 
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It  will  he  siiii|>l<'st  to  regard  first  the  case  where  there  is  a  battery 
of  irivcn  oIi'ctr<»-iii()tivc'  force.     In  this  case,  acconllDir  t<t  Ohm'-  law, 

E  =  C{R  -r  /•), 
where  E  is  tlie  eicctro-raotivc!  force,  C  the  current,  K  the  resistan<*e  ol" 
tlie  battery,  and  /■  the  external  resistance.      If  the  j>oles  of  the  hatteiv 
be  joined  by  two  s(;j)arate  resistances,  /•,  and  /_,, 


then  E  =  C(  It    -,      '''    ''-  ) 


If  the  resistance  of  each  branch  is  e(inal  to  r,  and  if  C,  be  the  eiirroni 
in  eacli. 


then 


E=CiR  +  r)  =  2C\(^R-r  ;:y 


Let  E  =  lOU  volts,  li  =  1  ohm,  and  /•  =  1(>U  ohm-, 

then  100  =  C(l+  100)  =  101  (\ 

and   1(»1  =  2  C,  (1  +  50)  =  102  C\. 
Hence  nearly  the  same  current  flows  in  each  branch  as  wlien  then-  i^ 
only  one  wire.      If  there  are  10  branehes  instead  of  2  branches,  and  if 
C\  be  the  enrrent    in  ''ueli, 

tjien  lUO  =  C,  (1     ;    l'»j  =  110  C\, 
/.  c,  tile  enrrent   in   each   branch  is  |'i|}  instead  of  ^~f!r.      If  there  ai< 
50  branches,  and  ('^  be  the  current  in  each, 

then  100  =  c,  (1  +  2)  =  loo  r;, 

thus  the  current  in  each  is  ]-}}]}  or  f^,  an<l  the  heatini;  or  glowiuir  etleci 
is  ^  of  it  value  with  oidy  one  l)ranch. 

Now,  if  witli  50  branches  in  nudtii)le  arc,  we  diminisli  tlie  external 
resistance  of  each  branch  so  as  to  t^et  the  same  current  as  at  tir-t 
through  each  branch, 

then  /;=  CiR  +  r)  at  Hrst, 

and  /;=  5(»  ('  (r  n    '\  with   on   brandies. 
V  50/ 

So  that  {R    •    /•)  =  50  R  -i-  /•,, 

Or  /•-/•,  =  49  R. 

Hence  with   R  =i  1  and   r  =  100  ohms  ;--/j  =   U>  and    the    length 

left  has  a  resistance  of  51  ohms,  the  heating  of  each  of  thi^e  is  y^^,, 

or  one  half  ot  what  it  \va>  with  only  one  bran<-h.      Hcik-c  the  gii>wing 

1u>at   or  light    from    such  a   resistance  will    be  greater  than  from   the 

uushorteued  wire,  with  tlie  weaker  current  through  it.     In  thi<  ea-c 

we  get  50  circuits  of  51  ohms  ench,  so  arrangeil  that  the  lieating  etln-t 

in  each  circuit  is  '51,  or  about  one-half  of  what  it  was  at  first.     Hen(. 
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the  amount  of  licat  radiated  from  each  is  one  half  of  what  it  was  at 
first.  But  there  are  50  such  circuits,  tlierefore  the  total  heat  radiated 
is  25  times  as  much  as  it  was  with  only  one  branch. 

If  the  resistance  of  the  battery  and  connecting  wires  is  considerable^ 
then  we  see  that  the  addition  of  every  additional  branch  circuit  takes 
away  greatly  from  the  amount  of  heat  radiated  from  each  branch,  so 
that  this  plan  of  sub-division  by  separate  circuits  can  only  be  adopted 
with  success  when  the  internal  resistance  is  small  as  compared  with 
the  external  resistance.  We  see,  then,  that  with  small  internal  resist- 
ance there  is  great  gain  in  heating,  and,  therefore,  in  light-giving 
power,  by  arranging  branch  parallel  circuits  in  multiple  arc ;  but  when 
the  resistance  of  the  battery  and  leading  wires  is  considerable,  the 
advantage  of  this  arrangement  is  small,  and  very  little  sub-division  is 

admissible. 

Incandesocnt  La:hps. 

Now,  let  us  consider  the  case  of  currents  produced  by  means  of 
dynamo-electric  machines,  in  which  the  electro-motive  force  is  not 
<'()ustant  in  the  same  machine  for  the  same  speed,  but  depends  upon 
the  resistance  of  the  circuit.  An  electro-motive  force  of  100  volts 
produces  a  current  of  one  weber  through  a  resistance  of  100  ohms,  and 
Mr.  Swan  tells  us  that  this  current,  through  a  lamp  of  that  resistance, 
gives  a  60-power  candle  light.  Now,  if  we  reduce  the  length  of  the 
carbon  filament  in  the  lamp  without  altering  the  current,  we  reduce 
the  illuminating  power  in  the  same  ratio.  Suppose  we  take  it  as  four- 
fifths  of  the  length,  i.  e.,  its  resistance  is  then  80  ohms,  and  we  shall 
get  a  48-candle  power  light  from  the  same  current  (one  weber),  L  e.y 
with  an  electro-motive  force  of  80  volts. 

With  two  such  lamps  in  series  we  shall  get  two  48-candle  power 
lights,  with  an  electro-motive  force  of  160  volts,  sending  a  current  of 
one  weber  through  them,  i.  e.,  the  two  lamps  should  give  out  a  light 
of  six  gas-burners  of  IG-candle  power  each,  and  should  be  sufficient  to 
illuminate  a  drawing-room  in  many  of  our  London  houses. 

If  we  consider  now  how  we  are  to  produce  this  current,  we  find  that 
a  Biirgin  machine,  by  the  expenditure  of  6  h.p.,  will  send  a  current  of 
24  webers  through  an  external  resistance  of  about  7  ohms,  giving  an 
electro-motive  force  of  160  volts.  If  then  we  take  two  lamps  in  series, 
i.  e.,  160  ohms,  and  arrange  24  distinct  scries,  we  shall  get  a  combined 
resistance  of  -j:^,  or  about  7  ohms,  allowing  for  the  resistance  of  con- 
necting wires,  and  there  will  be  a  current  of  1  weber  through  each  cir- 


0//^. 


n^ 
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<'uit,  /.  <'.,  this  iiiacliiiM'  -li<ml<|  <;ivc'  us  4H  liirlits  i-.uh  ot'  l«-<:iii(lle 
power.  Witli  a  resistance  of  .j()  olmis  in  «ieli  lamji,  the  luiinlter  of 
lanip.s  which  niav  l»e  sii|»|»lie<l  tVom  the  same  machine  will  Im-  doiihle 
this  iiiiml)er.  If  we  rechice  our  eleetro-nuttive  force  I'roni  HM)  V(»lt.s  to 
8(J  volts,  with  the  same  len^rth  of  carlxin  in  the  himp,  then  we  reduce 
the  current  from  I  weber  to  ^a  "^  Ji  weher.  This  in  the  same  resist- 
ance will  re(hii'e  the  ilhiminatiiiLr  |)ower  from  (K)  ("andles  t<t  a  lijrht  of 
al»oMt  l()-can»Ue  power,  instead  of  a  li;;lit  of  4.S-candh'  power. 
Hence,  with  a  ^iven  eIectro-m«»tive  I'orce,  more  li^rht  is  ol)taine<l, 
and,  therelore,  greater  ec(»nomv  is  cMi-cted  hy  shortening  the  liii.:tli 
(»f  the  carhon  in  the  lamp,  rather  than  hy  diminishiu'^  the  current 
throui>:h  the  same  len<;th  (tf  carlxtii.  IleiK-e,  the  hest  results  will  In- 
obtained  in  incandescent  lamjjs  by  seudinj;  throuj^h  them  as  strong  a 
eiu'rent  its  they  will  safely  stand,  and  makini;  the  length  of  carbon 
such  that  the  dvnamo-machinc  em|)loved  will  send  such  a  cin-rcut 
throiiiih  them. 

Take  another  c;ise :  Suppose  we  have  one  lamp  of  7")  ohm>  roist- 
ance  (/.  c,  ai><»ut  45-candle  |)ower).  A  (Jramme  machine  or  a  Siemens' 
medium-si/ed  machine  will  }xive  an  electro-motive  force  of  l(i(»  volts, 
and  a  ciuicnt  of  about  25  webers,  at  the  rate  of  lOU  revolution-  a  min- 
ute, throui^h  an  external  resistance  of  aboiU  .'J  ohm<.  Heuc-c,  it"  we 
have  20  lamps  in  separate  branch  circuits,  or  in  nudtiple  are,  we  i;et 
1  weber  throiiirh  each  from  such  a  machine,  and  i;et  a  li^rht,  aeconliii^ 
to  Mr.  Swan,  ot"  40-candle  power  from  ea<'h.  Hence,  such  a  machine 
will  <:;ive  us  about  ir2.j-candle  power  iltiunination.  The  iiieriry 
expended  woidd  be  ai)out  ')  or  (i  h.p..  so  that  the  illumination  would 
be  about  2(>()  eandles  per  h.p. 

We  have  seen  above  that,  with  the  Siemens'  alternate  current 
machine,  a  KlO-candle  li<:;ht  recpiires  about  half  a  Ihunc  j>ower ;  so 
that  1  h.p.  will  su|)|»ly  two  li;rhts  of  4tM>-c:uidIe  |»<»wer,  from  an  alter- 
nate current  machine  at  the  rate  of  lod.  tor  .'I  hours.  The  sjuue 
illumination  can  be  ol)taiue<l  from  i^as  at  2s.  lor  o  hours.  Now,  iwi>- 
thirds  ot"this  cost  is  for  tin-  su|»ply  i»f  c:irbon,  which  InH-omts  burnt  in 
in  the  arc.  Hence,  withotit  this  consumption  of  c:irlMin.  the  expen.se 
per  h.p.  is  oidy  ',,"  ot"  Id.  jicr  hour.  Applyiui;  this  to  the  c:isc  of 
iiK-andcscent  lamps,  in  which  our  rarlH)ns  do  not  wear  out,  we  si-o  that 
by  a  proper  arrant^einent  of  the  lamps  we  nuiy  iret  a  20(>-i*:nulle  |M>wer 
liuht  at  the  rate  of  \y'^ths  of  Id.  per  h(»ur. 

.Now,  Mr.  Alex.  Siemens  alsi?  states,  in  hi-^  paper,  that  at   the  rate 
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of  3s.  6d.  per  1000  feet,  the  same  illumination  cannot  be  obtained  from 
gas  at  less  than  2d.  per  hour.  Hence,  allowing  |-  of  Id.  an  hour 
for  the  breakage  of  incandescent  lamps,  the  cost  of  light  by  gas  and 
by  incandescent  electric  lamps  would  l)e  nearly  the  same. 

If  we  allow  that  only  a  light  of  40-candle  power,  instead  of  00-can- 
dle  power,  can  be  produced  at  this  rate,  still  the  incandescent  light 
cannot  be  regarded  as  an  expensive  light. 

Now,  in  the  absence  of  any  actual  determination,  let  us  assume  the 
same  law  to  hold  in  the  Brush  system  as  in  the  Siemens  or  the  Gramme 
system.  In  the  Brush  system  a  current  of  10  webers  is  sent  through 
an  internal  resistance  of  10  ohms,  and  an  external  resistance  of  70 
ohms.  Xow,  in  the  Siemens  machine,  when  the  external  resistance  is 
seven  times  the  internal  resistance,  the  current  is  only  g^tli  part  of  its 
value  when  the  external  and  internal  resistances  are  equal,  or  ^  of 
its  value  when  the  external  is  double  the  internal  resistance.  The 
■drawback  to  this  arrangement  would  be  that  one-third  of  the  total 
work  expended  would  be  lost  in  heating  the  machine. 

Taking  the  Brush  machine  as  worked  at  present,  the  difference  of 
potential  for  each  of  16  lamps  in  circuit  is  about  40  volts.  Hence 
total  difference  of  potential  of  16  lamps  ^=  about  640  volts.  With  an 
external  resistance  of  70  ohms  there  is  a  current  of  10  webers.  Hence, 
if  we  arrange  incandescent  lamps  in  10  series,  so  as  to  get  a  resistance 
of  70  ohms,  we  shall  get  1  weber  through  each  series.  Put,  then,  7 
lamps,  each  of  100  ohms  resistance,  in  each  series,  and  we  shall  get  70 
lamps  from  a  Brush  machine.  These  70  lamps  are  each  of  60-candle 
powder,  and  all  are  worked  by  an  expenditure  of  16  h.p.  Hence  the 
■candle  power  is  4200  candles  from  16  h.p.,  or  262-5  candle  power  ])er 
h.p.  If  the  lamps  of  this  resistance  are  only  heated,  so  as  to  give  a 
light  of  30-candle  power  each,  then  the  candle  power  per  h.p.  will 
have  to  be  reduced. 

Thus  we  have  seen  that  it  is  possible  to  sub-divide  the  electric  cur- 
rent in  such  a  ^vay  as  greatly  to  increase  the  amount  of  illumination 
which  may  be  obtained  by  means  of  a  dynamo-electric  machine,  espe- 
cially when  the  light  is  accomplished  by  the  incandescent  system  of 
-Swan,  Lane-Fox,  or  Edison. 

The  earliest  attempt  to  obtain  light  by  incandescence  in  a  vacuum 
was  made  by  King,  in  1843,  who  ajiplied  continuous  metallic  and  car- 
bon conductors,  and  heated  them  l)y  an  electric  current  in  a  Torricel- 
iian  vacuum.      He  was  followed    in   1848    by  Staite,  who  used  an 
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iridium  :iinl  |)I:itiiiiiiii  wire,  iiiid  <iiv<|()|k-(|  tin-  holder  in  ^I;l*.-  or  h»iuo 
otln-i-  iioii-condiictoi-.  Ill  IsT'J,  Ivoiiii  einj)Iove<l  ij;ra|»liit<*,  and  ren- 
dered it  iiieaiideseeiit  in  an  atnio>|»liere  of  nitrojren,  in  \\lii<'li  there  was 
no  W!u-<tin^  away  of  the  carhon.  The  suae  prineijdw  have  Ut-n  fol- 
lowc'<l,  l)Ht  with  j;reatCT  promise  of  sucj-ess,  in  the  more  recent  attempts 
at  prothiein^  innnn'nation  In-  means  of  incan(lert<'enee.  The  earlier 
attempts  failed,  either  ( 1)  l»e(an.-e  of  tiie  impossihility  of  preventing 
the  eoiisnmption  of  the  c.irhoii  or  other  material,  in  e<»ns<-<jnenee  of  the 
minute  traces  of  air,  wiiieh  it  was  im|»o>sil(le  to  get  rid  of'  with  the 
means  ot'  exhaustion  which  were  then  known  ;  or  (2)  hecaUM-  of'  the 
presence  of  other  Leases,  such  as  hydro<ren,  which  exists  occlud<-<l  in 
platinum  ami  in  other  suhstances.  It  is  only  (piite  hitely,  since  our 
power  of  ohtainin^  a  vacuum  has  Ik'cu  so  <rreatly  e.\tende<l,  an<l  >ince 
we  have  learnt  so  much  ahoiit  hiirh  vacua  from  the  lalioi*~  of  Mr. 
Crookes,  that  Mr.  Swan  and  Mr.  I/ine-Kox  have  sun-i-eiled  in  ol»tain- 
in<;  vacua  from  which  all  the  air  and  occIudc<l  hvdroLjen  are  exhaustetl, 
so  that  their  carhon  filaiiu-nts  and  [>Iatimnn  win-  connection*  remain 
without  heiuLT  destroyed,  even  when  a  current  ot'  elei-tricitv  >tron<»- 
enough  to  make  them  •^ive  r>ut  a  hrilliaiu  incandesj-t-nt  liirht  has  Imh-u 
continuously  jtassin^  throuirh  them  for  months  toirether.  Throuirh 
the  kindness  of  Mr.  Swan,  and  of  my  friend  and  former  puj>il,  Mr, 
Lane-Fox,  1  am  al)le  to  show  you  this  evening  1k>w  well  thev  have 
.succeeded  in  pr(Mlu<*inga  brilliant, ami  yet  a  stejidyand  pleasmt  inc:in- 
descent  light.  This  is  a  triumj)h  which  many  have  sought  in  vain, 
and  which  could  not  have  been  attainc<l  extt-pt  by  c<»nd»iui!ig  together 
the  results  of  investigations  which  have  l>een  rec«'ntlv  c:irrie<l  on  in 
several  branches  of  phvsii-s. 

I  cannot  conclude  this  coiuvc  of"  kn-turo  without  giving  mv  cin-cial 
thank-  to  Mr.  11.  Tiucmau  WOixl,  who  has  given  me  verv  valuable 
as.xistance,  by  helping  me  to  bring  together  a  large  c«ille<.'tion  of'  elec- 
trical apparatus,  in  illustnition  of  the  interesting  subject  which  I  have 
had  the  honor  to  brintr  U'lVtre  von. 


St.  Gothard  Tunnel. —  I'he  triple  (Ynicentric  vault  of  the  tunnel 
of  the  St.  (lothard,  w'hich  was  built  in  the  s;mdy  str.itum  Ulow 
Andermatt,  has  been  complettnl  anil  promises  to  remain  as  lirm  as  the 
other  parts  of  the  g:»llery.  There  is  a  rejtsonable  ho|K»  tliat  engineering 
skill  has  triumpluHl  over  a  dirti<'ulty  which  wa-j  at  first  tluMight  insur- 
mountable.— /><>'  Months.  C 
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WEIGHING  THE  SUX  BY  A  SOAP  BUBBLE. 


By  Pliny  Earle  Chase,  LL.D. 


In  answer  to  some  inquiries  for  a  fuller  explanation  of  the  method 
■of  weighing  the  Sun  by  a  soap  bubble,*  the  following  note  is  sub- 
mitted to  the  readers  of  the  JouRNAii  of  the  Franklin  Institute. 

Nauraann  {"  Handbuch  der  Chemie,"  p.  289-90)  gives  six  estimates 
for  the  combining  energy  (Bildungswiirme)  of  a  water- molecule,  rang- 
ing between  67616  calories  (Andrews)  and  69584  calories  (Hess).  The 
mean  of  the  six  estimates  is  68886  calories,  representing  a  projectile 

energy,  against  terrestrial  gravitation,  of '~ =  18129*55 

miles.  As  9  pounds  of  gas  are  lifted  by  1  pound  of  combustible,  this 
energy  would  be  sufficient  to  lift  the  water  vapor  -^  of  181 29*55  = 
20li'394  miles. 

At  the  moment  of  explosion  the  equilibrium  which  usually  exists 
between  the  gravitation  of  the  particles  towards  the  sun,  towards  the 
earth  and  towards  each  other,  is  suddenly  and  violently  disturbed. 
During  the  restoration  of  equilibrium  there  are  simultaneous  tenden(;ies 
to  the  production  of  orbital  velocities  about  the  sun,  about  the  earth 
and  about  centres  of  oscillation. 

The  explosive  force  proceeds  radially  in  all  directions  from  the 
■centre,  so  that  the  particles  are  subjected  to  cones  of  force,  introducing 
oscillations  which  may  be  represented  by  a  synchronous  conical  pen- 
dulum of  ^  the  height,  or  503'599  miles. 

In  seeking  equilibrium  the  particles  tend  toward  their  own  centre 
of  gravity  at  J  this  height,  and  also,  on  account  of  resistance  at  the 
earth's  surface,  towards  the  centre  of  linear  oscillation,  at  f  of  the 
height.  Earth's  action  on  the  centre  of  gravity  of  the  mass  produces 
a  secondary  centre  of  oscillation,  in  which  the  primary  centre  of  oscil- 
lation acts  as  a  point  of  suspension,  and  the  centre  of  gravity  as  a 
pendulum  extremity  of  wave  propagation.  This  secondary  centre  of 
oscillation  is  at  [i  +  J  of  (f  —  J)  =]  f  of  503-599  =  299-777  miles, 
which  represents  the  mean  vis  viva  of  oscillatory  projection,  relatively 

*See  article  "Radio-dynamics,"  in  tliis  Journal,  July,  ISSl. 
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U)  oiirtli,  lliL-   /-/.s   rica   relatively  U)   sum    iM-iiijr    reproeutcd    hv  earths 
«enii-axis  iDajor. 

Let  r  =  .'>!)G2"8  miles  =  earth's  seiiii-<liam(;ter;  /»r  =  earth's  semi- 
axis  major;  /„  =  1  year  =  31oo.S14!>  .stH-oiids;  /,  :=  '2-  ^  _=5U73'«i 

>  .7 
seconds  =  time  of"  satoIlit<'  revolution  at  earth's  -Mrtace;  m^  =  sun's 

mass;  7/t,  =  earth's  mass;  //  =  27!>'777  miles.     Then  Kejder's  third 
law  and  Hcrseliel's  |)rincij)le  ot'  forced  vi-hrations  jjjive 

(",'')H /,')'""'■■"'•  "'"■'' 

Solving  the  |)ro|)oi-(ion,  we  tind 

iiIq  =  o.'M ,')7  I  ///, 

nr  =  J)2,7(>7,UO()  miles. 

Five  years  after  J  ])nl>Iished  my  deduction  of  the  al)ove  ratio 
between  the  r/.s  rint  of  wave  j>r<»|)at;ation  and  the  r/.s  rint  of  the  ox-il- 
hiting  particles,  (;,  Maxwell  iMiMi-^hed  the  same  ratio  in  the  PliUosn- 
phlcdl  Min/azuie  for  dnne,  1S77,  p.  \')'-\,  lint  without  statiuir  how  he 
had  foiitid  it.  J  have  i'n<)uired  i'av  his  method  in  <|uarters  where  J 
supposed  it  miu'ht  lie  olitained,  liut  1  cannot  find  tli:it  lir  Ii-f'r  iii\ 
j-ccord  <»f  it. 

Strnve's  constant  of  aberration  ^ives  4!>7'.S27  seconds  tor  the  lime 
in  which  liujht  would  traverse  earth's  semi-axis  major.  Dividim:  the 
above  value  of  nr  by  4!>7".S27  we  ;xet  18<),.'J4  4  miles  tor  the  vehK'itv 
of  light. 


Griscom's  Electromotor.  A  French  writer  compares  this  motor 
to  one  of  tlio>e  wliicli  liav»  iiccu  devise<l  by  l)ej)rez,  and  calls  attention 
to  three  ett'ects  of  induction:  1.  Tiie  inverse  ett'tH-t  which  results  from 
the  magnetization  of  the  iron;  2.  That  which  result-^  from  the  suwes- 
sive  inversions  of  the  |)olari/ation  of  the  centi-al  nucleus,  which  l>n 
Moncel  has  called  currents  of  polar  introvei*sion ;  :\.  That  which 
results  fVfini  the  passage  of  the  magnet  before  the  coils,  which  i- 
<lynamic  and  is  of  the  same  character  as  the  one  which  is  dcvelopeil  in 
the  Siemens  machine.  The  liu^t  two  currents  are  tlirtrt  and  prolongiil 
during  the  whole  i-ontinuaiuv  of  the  motion;  the  first  is  inst:intani'oii$. 
When  the  electro-magnet  l)egins  to  move  the  indu(*i^I  inverse  curnMit 
is  injurious,  but  as  it  does  not  last  the  demagneli/ation  i<  not  sutlicient 
to  change  the  attrjictive  impulsion. — La  L»/;/i/»V«-  K/rctriipu\         C. 
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ON  THE  NEW  METAL  ACTINIUM. 


By  Dr.  T.  I..  Phips()N,  F.C.S.,  etc. 

Since  the  publication  of  my  two  notes  in  the  Chemical  News,  vol, 
xliii,  p.  283  and  vol.  xliv,  p.  73,  I  have  made  a  great  number  of 
experiments  with  the  view  of  isolating  the  new  substance  to  which  the 
white  zinc  pigment  owes  its  remarkable  property  of  darkening  in  the 
sunlight,  returning  to  its  white  state  in  the  dark,  and  not  being  affected 
in  this  manner  under  a  sheet  of  glass. 

These  experiments  have  at  last  proved  successful,  and  a  very  short 
note  to  that  effect  was  communicated,  about  a  fortnight  ago,  to  the 
Acadeniie  des  Sciences  and  another  to  the  British  Association  on 
Monday,  September  5th.  I  will  now  describe  the  process  by  which  I 
have  isolated  the  oxide  and  the  sulphide  of  the  new  metal  in  a  state 
of  tolerable  purity.  Perhaps  this  process  may  be  improved  hereafter, 
but  it  is  not  very  complicated,  though  it  has  required  an  enormous 
number  of  experiments  to  arrive  at  it.  First,  one  word  as  to  the 
manner  in  which  the  pigment  found  in  commerce  is  prepared.  Ordi- 
nary zinc  scrap  is  dissolved  in  sulphuric  acid  and  a  considerable  excess 
of  zinc  is  left  in  the  solution  in  order  to  keep  out  iron,  lead,  arsenic 
and  other  metals.  The  liquid  is  drawn  off  and  then  precipitated  by  a 
solution  of  sulphide  of  barium ;  the  precipitate  is  dried,  calcined, 
raked  whilst  hot  into  cold  water,  dried  again,  ground,  etc.  It  then 
consists  of  sulphide  of  zinc,  oxide  of  zinc  and  sulphate  of  baryta, 
with  minute  quantities  of  iron,  lead,  arsenic,  manganese,  etc. 

The  manner  in  which  I  have  obtained  the  oxide  and  sulphide  of 
actinium  from  this  pigment  is  as  follows,  and  the  process  will  doubt- 
less serve  for  the  treatment  of  other  substances  in  which  the  presence 
of  the  new  metal  may  be  detected : 

About  15  grammes  of  the  finely  pulverized  pigment  are  left  for  24 
hours  in  dilute  acetic  acid  (strongest  acetic  acid  and  water  equal  parts), 
and  the  mixture  well  stirred  or  shaken  occasionally.  This  takes  out 
most  of  the  iron,  manganese,  magnesia,  lime  and  oxide  of  zinc.  The 
residue,  after  being  washed,  is  treated  exactly  in  the  same  manner 
with  dilute  hydrochloric  acid  (acid  8  parts,  water  92  parts),  with  the- 
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(il>jc(t  of  (•(»iii)»l<tiiij^  tlic  jK-tiuii  of  till'  acetic  acid.     TIic  ri^idue,  well 
washed,  is  tlieii  heated  with  stronj;  hydivx-hloric  acid,  to  whicii  a  little 
nitric  acid  is  add('(l  frutii  time  to  time.      The  soliiti<m  of  the  chIori<les 
(liiis  obtained  is  filtered  to  se|)arate  free  sidphiir  and  the  insoluble  std- 
|»hate  of  baryta,  any  remainini:  sidjdinr  in    suspension   after   filtration 
bein^  oxidi/cd  by  a  few  crystals  of  chlorate  of  |>ota»h.      'i'o  this  solu- 
tion of  chlorides,  somewhat   diluted,  a   considerable   cxie>s   of  caustic 
.siMla  is  added  :uid  the  solution  heated.     The  zinc  oxide  ^oes  into  solu- 
tion  and    the  white   oxi<le  of  actiniiun  remains ;  the  latter  is  received 
upon  a  filter,  washe<l,  disiSolve<I  in  hydrochloric  acid  and    the  solution 
a«rain  treate<l  with  exc(;s<  of  caustic  smla.     ('i'hese  operations   mav   l»e 
njMatcd   two   or  three  times,  in   order  to  eliminate  the  zinc  oxide  as 
<(»m|>letely  as  possibht.)      Finally,  the  oxide  of  actinium,  still  impure, 
is  washed  on  a  filter  antl  dissolved  in  a  con<i<lenible  excess  of  hvdro- 
<;hioric  acid.       The  ~oIiiiioii  is    iieutrali/e<l    bv  ;inim<inia,  and   then   the 
latter  is  adde«|  in  excess.    All  but  a  little  iron  oxide  remains  dissolvetl 
(if  n«tt,  dissolve  a<»;5iin  in  H( '1  and  add  ammonia  in  excess,  which,  this 
time,  will  ouly  precipitat*'  the  iron).     The  iron  oxi<le  is  separatetl    bv 
the  filter,  and  t<>  tin'  filtrate  sulphide  of  ammonium    i-   added,  which 
throws  <lown  the  sulphide  (tf  actinium  a-^  a  bulkv  pale  c:inarv-vellow 
pre<ipitat«',  the  color  of  which    is   best    seen  when    it  is  received  on  a 
filter. 

(/.rlilr  of  Artiiiiiiiu.       The  hyilrate  as  pn-cijiitated  bv  scnla  or  amm<t- 
nia   forms  a    bulky  white   precipitate,  more  gelatinous   than  oxide  of 
/inc;  unlike  the  latter,  it  is  only  very  slightly  soluble  in  <-austic  stKJa, 
<ven  when   the   liquid    is   heate<l ;   it   i.s  not  precipitateil   bv  ammonia 
from  solutions  containing;  ammoniacal  sjdts.      It  is  a  jK-rmanent  white 
with  a  slitrht  tin^e  of  sdmon  color  when  si'en  in  bulk,  and  it  does  not 
chanj^e  color  when   <'xpose<l   to  the  air,  as   oxide   of  mamnmese  does 
neither  does  it  appear  to  be  affected  by  the  direct  ravs  of  the  sun.      It 
is  i-eadily  soluble  in  a<ids.     The   anhydrous  oxiile    is  not  volatile  nor 
<le(OMi|io>ed  by  heat.      If  lia>  a  |tale  fawn-colore<i  tint. 

Sn/ftlii(l<  of  Actinium. —  The  hydrate  as  pi-ecipitati**!  from  its  neutnil 
or  alkaline  s(»lutions  by  sulphide  of  ammonium  is  a  bulkv  imle  umarv- 
yellow  precipitate,  insoluble  in  excess  of  sulphide  of  ammonium 
scjircely  at  all  soluble  in  atvtic  acid,  readily  soluble  in  minend  acitjs 
even  when  they  are  diluted.  When  expos<^l  to  the  <lire<-t  n»vs  of 
the  sun  it  darkens  and  luromes  <piite  black  in  about  twentv  rain- 
WiiOLE  No.  Vol.  ("XII. — (Third  Seriks,  Vol.  Ixxxii.)  ;^j 
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iites,  except  in  those  places  Avliere  it  is  protected  by  a  piece  of  ordinaiy 
window  g:lass. 

The  quantity  of  actinium  sulphide  obtained  from  the  white  pi<i- 
nient  amounts  to  no  less  than  about  4  per  cent.  This  yield  is  enor- 
mous. The  presence  of  this  new  element  in  zinc  will  account,  proba- 
bly, for  the  discrepancies  noticed  in  the  equivalent  of  this  metal  as 
determined  by  various  observers.  The  new  element  differs  very  essen- 
tially from  manganese,  zinc  juid  cadmium,  but  has,  perhaps,  some 
points  of  similarity  with  lanthanum.  It  exists,  evidently,  in  consid- 
erable quantities  in  at  least  some  kinds  of  commercial  zinc.  As  soon 
as  I  shall  have  written  the  next  number  of  my  Journal  of  Medicine, 
I  intend  to  ]>nrsue  these  investigations. —  Chemical  Xevfi. 


Athermanous  Photometer. — The  industrial  progress  of  electric 
light  increases  the  desirability  o'f  a  good  photometer,  which  is  easily 
transportable  and  does  not  require  delicate  manipulations.  Unfortun- 
iitely,  all  the  instruments  which  have  hitherto  been  invented  have  the 
grave  defect  of  being  influenced  both  by  light  and  heat.  Raimond 
Coulon  proposes  an  apparatus  which  is  acted  upon  by  light  alone.  It 
is  based  upon  the  following  principles:  1.  In  a  Crookes'  radiometer,  if 
a  difference  of  temperature  is  produced  upon  any  point  of  the  surface 
of  the  glass  envelope  the  wheel  ceases  to  turn,  under  the  influence  of 
light,  as  long  as  this  difference  continues.  There  is  a  fixed  relation 
Ijetween  the  value  of  the  angle  which  one  of  the  palettes  makes  with 
the  heated  or  cooled  point,  the  intensity  of  the  luminous  ray,  and  the 
•calorific  difference  between  the  disturbed  ])oint  and  the  rest  of  the 
envelope.  2.  The  luminous  conditions  remaining  constant,  every 
radiometer  of  which  the  temperature  is  raised  turns  in  such  a  manner 
that  the  bright  side  of  the  mica  pallette  seems  to  be  attracted  by  the 
envelope.  Every  radiometer  of  which  the  temperature  is  lowered 
turns  in  an  opposite  direction ;  every  radiometer  of  which  the  tem- 
perature is  constant  remains  immovable,  so  long  as  it  is  in  obscurity. 
4.  Every  radiometer  of  a  constant  temperature  turns  under  the  influ- 
ence of  light  alone.  The  inventor  soon  found  that  it  was  necessary 
to  maintain  the  instrument  at  a  temperature  superior  to  that  Avhich  is 
produced  by  the  radiant  heat  of  the  luminous  sources  which  are  to  be 
measured.  Practically,  the  temperature  of  Ijoiling  water  is  convenient 
and  sufficient. — Lo  Lumiere  Electrique.  C. 
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Comets  of  1811  and  1881.  I>r.  Kimr-in-  liol).rt  call-  attnition 
to  some  .strikiiiu-  rcsiMiiblancf.s  Ijetwfcii  tlie  a«i^ririiltural  rcsiilt-s  ol"  tlie.so 
two  (H^niet  yeiirs.  In  each  of  tlieiii  there  wits  a  ijreat  drought,  la.->tiiig 
thr()ugh  the  whole  -uiuinei',  and  aeeonipanied,  in  some  eouiitries,  with 
violent  storms;  tlif  liarvesi  was  had  in  many  jtlaees,  the  erop  of 
cereals  esjx'ciallv  heing  short;  l»nt  the  ;j:rape  crop  was  gootl,  the  fruit 
heing  well  dexcloped  and  rich  in  niati-rials  for  vinous  fermentation. — 
Left  Mouiies.  ('. 

Ramie. — ^M.  I'avier,  the  inxcntor  of  a  nuuhinc  ("or  -tri|»ping  tiie 
harU  IVom  ramie,  has  exhihited  lii>  pi-oce.-s  at  Avign<in,  in  the  presence 
ol'  a  numerous  gatlKiring  of  industrial  and  agricultural  notables.  The 
experiment  wius  entirely  satisfactory;  the  machine  instantly  hrokc  tlie 
rigid  still ks,  rejected  the  woody  j)ortion,  and  transformed  the  hark  into 
.straight,  fine  and  -ilky  filaments,  thoroughly  prejjared  for  spinning 
and  dyeing.  I'lii-  machine  seems  likely  to  a<hl  great  imj)ortan<-e  to 
tlie  cultivation  of  ramie  in  the  southern  and  central  districts,  and,  per- 
ha})s,  even  in  tin'  northern  districts  of  I-'rancc. —  Lcs  Mondcs.         ( ". 

Radiophony  by  Lamp  Black.  —  .NFercadier  find-  that  lamp 
hlack  is  not  unl\  the  Im-i  i  jici-niuphonic  agent,  hut  that  it  i>  al-o  >u-ccpt- 
ible,  like  seleniinn,  ot'  l)ccoming  an  electric  |)hotophone.  IIet'o\-cr- 
one  of  the  faces  of  his  thtuhie  spiral  rccciveis  with  the  smi»ke  of  oil 
or  camplmr,  taking  care  to  avoid  carhoni/ing  the  jtarchmcnt  paper 
which  insulates  the  metallic  spirals.  These  receivers  having  two  fa<Ts, 
^>ne  may  1h'  selenizetl  and  the  other  smoked,  so  that  experiments  may 
he  made  with  the  same  current  on  either  face.  Receivei"s  with  spiral- 
of  co])pei',  hra»,  ii'ou  or  platinum,  when  thu<  -moked,  woi'k  well; 
aluminium  receivers,  which  cann(»t  he  s«'lenized,  are  e:i.>^ilv  smoked, 
and  tlhii  (tperate  I'cadily.  \\  ith  such  receivers  sounds  are  easily  heard 
which  are  prothiced  l>v  the  radiations  ot"  the  sun,  ot'  the  electric  nr 
o.\yhydr(»gen  ligiit,  i>r  even  of  a  gjus  jot.  Some  of  the  inventor'- 
experiments  seem  to  show  that  the  origin  of  the  sounds  is  not  thermal, 
in  the  ordinary  s(>nse,  hut  the  phenomenon  is  simply  ph«)toph')nic  or 
actinophonic.  The  resistance  (»f  a  lamp  Mack  receiver  dinnnisjies 
when  the  temperature  incre;u<e.s.  The  variation  is  well  rei>rescnte«l  hy 
a  straight  line.  It  is  very  small,  the  mean  c<H'tlicient  of  variation  jn-r 
<legree  heing  less  than  one-fourth  of"  one  pi'r  c«Mit. — C'Wipt.  Rnitf.     C. 
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Origin  of  Cometary  Light  and  Heat.  —  Emile  Delaiirier 
advances  the  hypothesis  tliat  the  great  rapidity  of  cometary  motion 
causes  the  sethereal  matter  to  vibrate  and  transforms  it  into  light  and 
heat.  He  expands  his  hypothesis  so  as  to  account  for  all  the  varia- 
tlcMis  of  form  which  the  great  comets  undergo,  for  the  apparent  solar 
repulsion  and  for  the  curvature  of  the  tail. — Les  Mondes.  C. 

Application  of  Electricity  to  the  Study  of  Rapid  Phe- 
nomena.— Glared  Deprez  lias  contrived  a  register  which  gives  excel- 
lent results  in  making  rapid  measurements  with  the  intervention  of  a 
single  Bunsen  cell.  He  has  already  succeeded  in  reducing  the  time 
of  a  double  signal  to  about  yg^oT  ^^  ^  second.  It  is  not  necessary  to 
have  the  current  closed  longer  than  j^^^q  of  a  second  in  order  to 
give  the  signals. — Lumlere  Eledrique.  C. 

Comet  Spectrum. — The  French  observers  find  many  striking 
resemblances  between  the  spectra  of  Gould's  and  Coggia's  comets. 
The  nucleus  gives  a  continuous  spectrum,  without  bands  or  lines. 
The  nebulosity  near  the  nucleus  shows  three  bands,  one  very  bright, 
the  others  faint.  The  band  spectrum  is  so  much  like  that  of  alcohol 
that  Thollon  considers  them  identical.  The  violet  alcohol  band  is 
not  seen,  but  its  absence  seems  to  be  owing  to  atmospheric  absorption. 
There  is  little  doubt  of  the  presence  of  carbon  in  some  of  its  com- 
pounds.—  Comptcs  Rendus.  C. 

Explosion  of  Bubbles.  —Plateau  has  published  some  new  exper- 
iments upon  thin  liquid  films.  One  of  the  most  interesting  is  one 
which  furnishes  conclusive  evidence  of  the  contraction  which  the 
bubble  undergoes  during  its  rapid  destruction.  He  filled  with  tobacco 
smoke  a  bubble  of  glyceric  liquid  of  about  11  centimetres  (4*3  in.) 
in  diameter  and  laid  it  upon  a  ring  of  4  centimetres;  waiting  until 
the  blue  color  of  the  summit  showed  that  it  was  upon  the  point  of 
bursting  he  pierced  the  summit  with  a  metallic  wire.  The  mass  of 
smoke  was  thrown  vertically  for  about  a  decimetre  above  the  bubble 
and  then  spread  horizontally,  like  an  umbrella,  and  continued  to 
mount  more  slowly  while  diffusing  itself  into  the  air.  The  experi- 
ment was  repeated  several  times  with  the  same  result.— J. cacZ.  Boy^ 
de  Beige.  C 
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New  Method  of  Telegraphing:. — An  otlicLi-  of  the  French  anny 
has  invented  a  telei^raph  witli  which  some  interestinir  experiment- 
have  been  recently  made  at  the  Trocadero.  It  consists  simply  in 
reading  larj^e  letters  of  silvered  zinc,  fixed  upon  a  blackened  surface. 
He  claims  that  with  an  onlinaiy  telescope  he  can  read  such  despat<'hes, 
under  favorable  circumstances,  at  a  <listance  of  80  kilometres  (49*7 
miles). — Lp.'i  }roii<l.rx.  C. 

Synthesis  by  the  Electrolysis  of  Organic  Acids.  -P>:irtoli 

and  Papai-nuli  I'md  that  in  the  electrolysi-  ot"  dilute  acids  the  graphite 
or  carbon  electrodes  wiuste  away  an<l  j)artly  dissolve;  with  potash  the 
li(jni<l  becomes  colored;  barytcs  gives  iiaO.f'O^.  With  a  lmndre(l 
liunsen  elements  carbon  electrodes  become  gradually  conical  toward> 
the  lower  extremity  in  tlistilled  water,  but  they  wear  away  regidarly 
in  dilute  snl])huric  and  oxalic  acids  and  in  solutions  of  potash  (»r  soda, 
^lellic  and  hydromcllic  acids  are  found  in  the  solutions.  <  )thcr  solu- 
tions give  similar  cffect><  with  the  carbons.  —  /yc.s-  Mun'lis.  ('. 

Spectroscopic  Grouping. — C  L.  Ciamician  givc>  a  .-pectnim  ol 
the  x'coiid  order  tor  l»oroii,  rom|)ose«l  of  lines  in  five  groups.  lit- 
groups  tiie  elements  in  tiie  order 

B,  Al,  C,  Si  N,  P,  As,  Sb  U,  S,  Sc,  Fe 

Fl,  C'l,  Br.  1,  Na,  K,  Kb,  Cs  Mg,  Ca,  St,  Ba 

He  thinks  that  in  each  grouj)  the  elements  are  formed  of  a  funda- 
mental material  combined  with  numerous  atoms  of  oxygen.  The 
atomic  weights,  which  are  calculated  according  to  his  rulei»,  diHcr 
notably  from  those  which  arc  commonly  given. — Ber.  Mleu.  Ahid.    ('. 

Cutting  Glass  and  Porcelain.  -In  endeavoring  to  drill  glass 
and  [)orcel;iiii.  or  to  cut  tliciii  in  accordance  with  marked  lines,  there 
-are  many  dithcidties  which  often  leatl  to  failure.  Messr*.  Richtcr 
&  CV).,  of  Chemnit/,  cover  disks  of  soft  metal  of  \'i  to  'Jo  millime- 
tres (r)-")  to  !>'S  in.)  diameter  with  diamond  dust,  and  mount  them 
aijx)!!  an  arbor  moving  with  great  velo<Mty,  so  as  to  cut  glass  or  portv- 
Jain,  in  a  few  seconds,  according  to  anv  given  design.  Bv  means  of 
cylinders,  constructed  on  the  same  principle,  round  holes  i-aji  be  drilled 
with  great  rapidity.  The  wear  of  the  instruments  is  im|M>rceptible. — 
Leis  Mondes.  C. 
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Action  at  a  Distance. — An  important  contribution  to  ])hoto- 
(lynaraics  and  general  radio-dynamics  has  been  made  by  George 
Helm,  of  Dresden,  He  investigates  the  movements  of  molecules  in 
the  aether,  the  exchange  of  energy  between  molecules  and  the  external 
tether,  gravitation,  magnetics,  electrical  and  dielectic  currents  and  con- 
duction, and  the  di-electric  condition.  His  results  corroborate  many 
of  the  formulas  of  Faraday,  Maxwell  and  Chase. —  Wied.  Ann.     C 

Height  of  the  Atmosphere. — Dr.  A.  Kerber  has  estimated  the 
height  of  the  atmosphere  from  the  phenomena  of  refraction.  By  two 
different  methods  he  obtains  heights  of  181>  and  192*6  kilometres 
(117'4  and  11 9*7  miles). —  Wied.  Annal. 

[Some  of  the  observations  upon  meteors  and  auroras  have  led  to  the 
conclusion  that  the  atmosphere  reaches  a  height  of  more  than  500 
miles.  Laplace's  limit  of  synchronous  rotation  would  allow  a  possible 
height  of  more  than  26,000  miles.  The  theory  of  Fresnel  and  Grove, 
that  the  luminiferous  tether  is  only  a  very  tenuous  atmosphere,  would 
make  the  portion  which  l)elongs  to  the  earth  of  the  same  height  as 
Laplace's  limit.  C] 

Effects  of  Lightning  upon  Trees  near  Telegraph  Wires.— 

Arago  has  examined  the  causes  of  the  dangers  to  which  persons  may 
be  exposed  in  the  neighborhood  of  telegraph  wires  during  a  thunder 
storm.  Montigny  has  lately  investigated  the  danger  to  trees  in  simi- 
lar circumstances.  In  the  neighborhood  of  Dinant  there  are  nearly 
500  poplars  on  the  north  side  of  the  road,  with  a  telegraphic  wire 
passing  very  near  them.  Eighty-one  of  these  trees,  or  a  sixth  part  of 
the  whole  number,  have  been  struck  by  lightning  upon  the  south  side 
of  the  trunk  almost  always  at  the  point  nearest  the  wire.  The  trees 
of  the  other  row,  w'hich  is  at  some  distance  from  the  wire,  are  very 
rarely  struck  by  the  electric  fluid.  The  wounds  made  by  the  light- 
ning are  of  three  kinds:  1.  The  bark  is  torn  and  shivered  upon  the 
side  towards  the  wire  over  a  narrow  portion  of  the  trunk ;  2.  The 
thunder  bolt  traces  upon  the  tree  a  furrow  more  or  less  broad  which 
begins  at  the  height  of  the  wire  and  descends  the  trunk  to  the  ground, 
most  often  in  a  straight  line,  but  sometimes  in  a  spiral;  3.  The 
wounds  have  a  peculiar  oval  form,  and  the  edges  of  the  bark  are 
colored  a  clear  brown. — Acad.  Roy.  de  Beige.  V. 
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Telegraphy  in  Paris. —  1  li<-  total  hiiihImi-  «.('  rity  telej;niius  in 
I'aris,  ill  is«(>,  \\a>  90!',177,  wliidi  yicMcd  a  total  incorue  of  .">7i»,- 
S-'>7.47  tVaiics  (Si  10/J71.41>j.  'I'lic  ndiiction  of  tlic  tariff  lias  l^eeii 
found,  In-  various  experimentij,  not  only  iiiiinc-cliately  to  iiicreiLse  the 
•  irciilation  of  t('leg;rams,  but  also  t«^»  <'iilar;rc  the  divideinls.  Tlie  iiuiu- 
1)01-  (»f  ilespat<-iie.s  ha>  nearly  tripkil  within  the  last  four  ye;i!>. — Hull. 
(/(■  l((  Sac.  (V Kiioour.  (A 

Living  and  Dead  Protoplasm.  <>.  Lmw  Miid>  from  his  inves- 
tiiijatioiis  that  liviiiix  protoplasm  possesses;  tlie  property,  in  a  hij^h 
decree,  of  rediieiii<r  metal-  from  their  solutions,  hut  that  this  nilucinjjj 
|><»\ver  is  lost  hy  death.  Ileiiee  it  niav  he  eoneluded  that  the  myste- 
rious phenomena  of  life  are  eimneeted  with  pe<uliar  grouping;  of 
atoms,  poss(!Ssed  of  sju-eial  moti(»ns  whieli  are  aiialo<;ou<  to  tlios<>  of 
the  aldehvde  <_rrou]».      I*tfi"jcr'x  Archive.  ( '. 

Destruction  of  Rocks  under  Water.  -.M:ii"r  Lauer.  an  Aus- 
trian infill, .<i\  \\:\-  iiiadc  xiinc  »'.\|)ciiiiicnt.- at  Krem<  on  the  iKinuU" 
which  have  excited  tii't'.it  attention.  He  jilaee<l  a  cylinder  loatleil  with 
dvnamitc  upon  the  siirlacc  of  tin,'  rock,  and  exploded  it  by  an  electri<* 
current.  However  small  the  <piantity  above  the  cylinder,  the  nn-k 
was  crushed  into  l»its  so  small  that  they  were  eiLsily  swept  away  by  the 
current.  The  process  is  .s:iid  to  reduce  the  expense  of  removin«r  >ub- 
merircd  rocks  1«)  percent. —  A'n  Mnndts.  {'. 

Rotation  of  the  Plane  of  Polarization.  -    I^'o  (irunmach 

reports  an  investiiratioii  which  ua-  l>a-e<l  upon  the  supposed  ideiititv 
of  the  radiations  of  heat  and  liirhl,  aud  which  lead>  him  to  the  fol- 
lowiiit;  conclusions:  1.  In  s(»lid  a>  well  a.>«  in  Huid  diatln-rmanou-* 
bodies  there  is  an  eleetro-ina»;iietic  rotation  of  the  polariz-ition  j>Iaue 
<if  radiant  heat  in  the  direetion  in  which  the  current  flows  throu«:h  the 
spirals,  2.  The  lUagnitude  of  this  rotation  is  very  difVercnt  for  dilVer- 
eiit  substiince.s,  and  apjuai's  to  be  nearly  proportional  to  (he  imlex  of 
refnietiou.  .*i.  In  the  dire<t  iuflueuee  «»f  a  ir.dvauie  «urrent  upon  the 
diathermanous  lKHli«-s  the  amount  of  rotation  is  |)ro|H>rtionul  to  the 
inti'iisity  of  the  <'urreiit.  4.  When  a  diathermanous  IhmIv  i«i  plaei-tl 
between  the  poles  of'  an  elect ro-mai^iiet  the  rotation  i>  pro|H>rtional  to 
the  magnetic  force.  .">.  The  amount  of'  mtatioii  iiu're:ises  with  tlu- 
leii«;th  of  the  sti-.itum  throiiirh  which  the  rays  j>:t^-.  but  the  ratio  ot" 
increase  is  not  well  establisheil.— llVrt/.  Annal.  C 
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Underground  Life  in  England. — The  proposed  tunnel  under 
the  English  Channel  has  led  to  some  statistical  inquiries  which  have 
shown  that  the  number  of  persons  in  Great  Britain  who  are  engaged 
in  underground  employment  is  378,151.  The  length  of  the  galleries 
in  which  their  labors  are  carried  on  is  not  less  than  58,744  miles.  The 
greatest  depth  of  the  channel  is  180  feet  and  the  lowest  part  of  the 
tunnel  will  not  be  over  200  feet  below  the  surface.  The  greatest 
depth  of  the  coal  mines  is  about  2800  feet  and  the  least  is  about  »S00 
feet.  The  channel  tunnel  will  only  form  about  one-thirtieth  of  one 
per  cent,  of  the  total  subterranean  excavations. — Les  Mondes.       C. 

Conclusions  of  the  Electrical  Congress.— The  electrical  con- 
gress at  Paris  has  adopted  the  following  conclusions:  1.  The  funda- 
mental unit  is  the  centimetre,  gramme,  second  (C.  G.  S.);  2.  The 
Ohm.  and  Volt  will  retain  their  present  values,  10"  for  the  ohm  and 
lO""  for  the  volt;  3.  The  unit  of  resistance  {Ohm)  will  be  represented  l)y 
a  column  of  mercury  having  a  section  of  a  square  millimetre  and  the 
temperature  of  0°C. ;  4.  An  international  commission  will  determine  by 
new  experiments  the  length  of  the  above  column  of  mercury  which 
will  represent  the  value  of  the  Ohm ;  5.  The  current  produced  by  a 
Volt  in  an  Ohm  is  to  be  called  AmjK're;  6.  A  Coulomb  is  the  quan- 
titv  of  electricity  which  would  enable  an  Ampere  to  give  a  Coulomb 
per  second;  7.  A  Farad  is  the  capacity  in  which  a  Coulomb  gives 
a  Yolt. — La  Lumiere  Eledrique.  C. 
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A  Study  of  Various  Sources  of  Sugar;  Sugar-cane,  Sorghums, 
Sugar-beet,  Maple,  Watermelons,  etc.  By  Lewis  S.  Ware,  Mem- 
ber of  Am.  Chem,  Soc,  etc.  Philadelphia.  8vo.  H.  C.  Baird  & 
Co.     1881. 

This  thick  brochure,  containing  some  extensive  tables,  shows  much 
knowledge  of  the  subject  treated,  and  acute  investigation ;  and  it  well 
deserves  the  attention  of  all  who  desire  to  ascertain  the  fullest  mate- 
rial i^rogress  of  the  sugar  interests  of  the  United  States.  The  main 
intention  of  Mr.  Ware  is   to  advocate   the  extensive   mamifacture  ot 
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beet-root  sugar,  wliidi   lia a>  t<»  tlii-  ~ta|)l< — reuderetl  Fran<-e  iiidc- 

j)('ri(l(iit  <»f"  all  «-()niitri(.'s,  and  \vlii<li  is  widely  and  siifcossl'ully  introdiiceti 
tlir()ii;^h()Ut  Kiiiojx'.  Tliis  hook  shows,  infi'r  a/i'i,  tliat  in  a  \'u-h\  of 
ojMjrations  of"  <'<jiial  extent  the  heet  would  have  advantages  over  «".iiie 
sugar.  The  eo.st  of  eidtivation  of  KM)  aeres  of  sugar-cane  and  of 
beet-roots  would  average  nearly  the  same  (about  ^oO  eaeh  per  a<'re); 
but  while  the  net  profit  on  the  iiidinifadnre  of  cane  sugar  would  be  at 
the  rate  of  S20  per  acre,  the  net  profit  on  beet  sugtir  would  be  .S4'J 
per  acre.  One-third  <»nly  of  such  a  large  difference  ought  to  j)ro\c  a 
wonderful  stininhis  to  the  intrixluetion  of  beet  su<;ar. 

TIm;  valiit,' — iiK-hiding  custom  (hies — of  the  foreiyn  sugar  consumed 
in  the  I'niteil  States  (hiring  the  years  1877,  '7S  and  '79  is  shown  to 
average  S10i),UUU,nuU  annually,  and  for  1880  the  amount  was  .Slls,- 
749,o7.">.  All  this  vast  yearly  expenditure  might  go  to  our  own  agri- 
culturists, refiners,  and  their  employ<''s.  As  sugar  from  beets  iuis 
been  |)roved  to  be  e({ual  to  that  made  from  cane,  the  relative  economy 
<tf  manufacture  must  larijelv  infiuenee  the  future  introduetion  of  beet 
eulture.  To  this  end,  however,  the  dissemination  of  proper  informa- 
tion is  needful,  that  farmers  may  cultivate  with  confidence,  and  refiners 
<'ontract  freely  for  the  j)roduction. 

Another  intention  of  this  book  i>  to  pr<»ve  how  illusory  and  unre- 
liable were  the  favorable  report-s  made  by  the  Agricultural  Bureau  of 
the  Fnited  States  respecting  sorghum  ciuie  and  its  saccharine  fjualities. 

Mr.  Ware's  book  is  a  timely  contribution  to  the  technical  literature 
of  this  ai»;e  of  manv  transition>.  S.  H.  X. 


MoDi'.UN  MiLLiNC,  Being  the  Substance  of  Two  Addresses  deliv- 
ered at  the  Franklin  Institute  by  Robert  ( Jriin^liaw  rii.I).  Svo. 
Philadeli>hia:   II.  V.  Jiaird  iV  Co.     1881. 

This  work  docs  not  pretend  to  enter  deeply  into  the  muliitudinou-i 
subjects  of  Hour  mills,  flouring  machinery,  and  the  various  prtKvsse^. 
It  gives,  however,  an  excellent  idea,  in  i)opular  form,  of  the  nuist 
mtxlern  plans  for  |)roducing  flour,  and  the  requisite  improvtHJ  machin- 
ery. A  thorough  treatise  on  flonring  mills  and  machinery  is  tnuch 
iKH^led,  none  such,  we   iK'lieve,  existin>^  in  anv  lanLriia>re.      This  is  not 
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surprising  if  it  be  considered  liow  tlie  flouring  processes  and  machinery 
have  been  changing  during  the  past  ten  years;  it  would  have  been 
almost  impossible  for  any  writer  to  keep  jjace  with  the  improvements. 

AVe  understand  that  ^Ir.  Grimsliaw  has  now  in  press  a  large  and 
complete  work  on  this  important  industry.  If  such  had  not  been  the 
case,  the  present  book  would  have  been  disappointing;  but  its  contents 
fully  agree  with  the  statements  of  the  title-page,  and  as  an  introduc- 
tory volume  it  is  good.  The  first  portion  treats  of  the  form  and 
various  envelopes  of  the  wheat  berry;  the  idetil  mode  of  splitting  it 
in  gradual  reduction;  also  descriptions,  with  illustrations,  of  smutters, 
separators,  heaters,  and  other  grain-preparing  machinery.  JSeveral 
modern  arrangements  of  buhrs  are  shown,  their  ventilation,  etc.,  fol- 
lowed by  an  excellent  description  of  tlie  machines  for  purifying  mid- 
dlings, sucJi  as  have  been  in  use  for  some  years  past.  A  good  feature 
in  the  book  is  a  concise  summing  up  of  the  various  changes  in  pro- 
cesses, machinery,  customs,  size  of  buildings,  etc.,  which  have  occurred 
during  the  past  ten  years. 

High  roller  milling  is  the  subject  of  the  second  lecture,  and  in  it 
the  various  forms  of  rollers,  their  grooving  and  mode  of  action,  is 
clearly  explained.  At  the  close  of  the  volume  there  are  several  large 
plates,  showing  the  interiors  of  typical  modern  flouring  mills.    S.  H.  N. 


Progressive  Agrtcultuue.  By  C.  L.  Ingersoll.  The  Relation 
of  Science  to  Agriculture.  Bv  Harvey  W.  Wiley.  8vo.  India- 
napolis.    1880. 

These  two  essays  upon  very  important  subjects  have  been  reprinted 
in  pamphlet  forni  from  the  Proceedings  of  the  Indiana  State  Board  of 
Agriculture.  The  authors  have  the  chairs  of  Agriculture  and  Chem- 
istry in  the  Purdue  University,  and  the  subjects  are  treated  in  an  able 
way.  Prof.  Ingersoll  insisting  that  progressive  agriculture  demands  for 
further  progress  a  more  thorough  education  of  the  masses  in  the 
underlying  principles  of  the  science  and  their  best  application,  also  to 
abandon  the  iiap-hazard  style  of  farming,  for  in  order  to  succeed  the 
farmer  must  systematize  his  labor,  the  rotation  of  cro])s,  etc.,  to  place 
his  productions  at  the  least  cost,  remembering  that  in  unity  of  thought^ 
purpose  and  action  lies  the  road  to  success. 

In  Prof.  Wiley's  contribution  he  takes  up  the  subject  of  the  devel- 
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opnient  of  M^riciiltmr,  :is  it  is  (nily  in  tlii>  way  that  an  idea  cjin  Ik* 
formed  of  tin*  processes  wliieli  have  been  an<l  are  most  active  in  deter- 
mining; a^rif'idtiiral  progress,  confe-ssinir  that  the  advaiu-e  for  two 
thousand  years  has  heen  «,'vidently  small,  and  lianlly  any  rn-onl  of  it 
preserved,  the  ^reat  ehemist  Liehi^  beinj;  tlie  first  to  promnl^te  the 
principles  of  modern  scientilic  airrienltnre.  A  rcsumr  is  then  ;riven  of 
tin-  scicntifir  views  held  with  reference  to  soils,  cntjH  an<l  lertilizers, 
the  infliiriice  of  hiunus,  etc.  Next  to  the  xiij,  cjimat<'  and  the  weatlier 
arc  claimed  as  the  most  important  factors  whi<'h  enter  into  th<'  aj^ri- 
<Miltm"al  problem,  and  a  fittin<;  c«nnplimcnt  is  paid  to  the  work  of  the 
sijrnal  service  ff)r  the  remarl<ai)le  accuracy  of  many  of  its  prwlictions. 
The  paper  closes  with  -hurt  accounts  of  the  part  i)iolo*;y  plays  in  the 
study  of  the  domestic  animals  and  the  laws  of  their  variation  and 
improvement;  the  intimate  relations  ixttanv  and  entomoloiry  have  to 
a^ri'-ulture,  and  last,  hut  u<»t  least,  ch<'mi>trv,  the  science  which 
lia>  alwav-^  been  rcirardcd  as  beariui;  the  most  intimate  relation 
to  the  culture  of  the  soil,  and  vet,  c;»iidor  comj>els  him  to  own, 
a<  not  beini;  the  most  important  as  far  a>  tli<-  |)racti<'al  work  of  the 
fai'in  is  concerned,  a  kuowh-flirc  of  the  soil  and  it>  con-tituents  not 
beinu'  able  to  solv<'  everv  |»rob|enj,  and  much  of  the  di<a|>pointment 
at  the  results  of  chemical  methods  an<l  of  the  ill  will  it  ha-  receive<l 
ari-iuti'  from  tlii>  cau>e.  ( "lienii>tr\- alone  will  not  <lo  e'verythini;  for 
the  farm,  l)Ut  when  its  work  i<  properlv  combined  with  tlie  work  of" 
of  otiier  stMences,  it  first  accpiires  its  true  value.  I.  N. 


fin:    PlIKI'AlJATlON     \M»    I'sF,    n|'    CkMKNTS    ANI)(Jl.tK.       liy  John 

IMiin.      rjmo.      New  York:  The  In«liistrial  I'ublication  ( 'o.    18Sl. 

In  the  preparation  of  thi-  little  iniok.  we  arc  as-ure<l  in  the  prcfaiv, 
that  the  utmost  care  has  been  taken  to  secure  accuracy.  When  we 
consider  the  number  of  utterly  worthless  rtH-i|)es  which  have  be*'n 
published  with  tiie  sjinction  of  names  which  stand  hijxh  in  tlu'  me«'han- 
ical  world,  it  is  no  wonder  that  even  the  i)est  (H)ll«'<-tions  have  admitttHl 
useless  formula'  to  their  pairi>s,  and  the  com|>iler  adds  that  he  lM'liev»»s 
most  of  the  formula*  here  <;iven  will  do  all  that  is  <*laime<i  tor  tliem. 
and  wherever  he  has  had  an\-  doiiltt  upon  thi<  point  it  has  Ik-cu 
intimated,  the  reliability  <>f  many  of  theni  bavin;:  Ihm-u  te<tc<l  by  |M*r- 
sonal  experience. 
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Such  information  is  of  great  value,  and  to  have  it  collected  in  a 
neat  and  handy  little  volume,  without  searching  for  it  in  the  innu- 
merable journals,  cyclopedias,  etc.,  will  be  appreciated  by  the  busy 
Avorkman  and  amateur  mechanic,  into  wliose  hands  this  work  is  likely 
to  fall.  One  hundred  and  seventy-seven  formuhe  in  all  are  given, 
alphabetically  arranged  for  ready  reference,  while  the  general  rules  for 
the  use  of  cements,  with  which  the  book  opens,  seem  mest  excellent. 

I.  N. 


The  Eleme]S'T8  of  Plane  Analytic  Geometry.     By  George  11. 
Briggs.     12mo.     New  York:  John  Wiley.     1881. 

Newton  so  well  established  his  principles  of  conic  sections  that 
there  has  since  remained  but  little  place  in  that  branch  for  modern 
authors.  New  examples  and  explanations  may  be  given  by  them,  but 
the  methods  and  the  results  remain  unaltered. 

We  bslieve  that  too  little  attention  has  hitherto  been  accorded  in 
school  text-books  to  the  Loci,  which  is  the  most  important  and  useful 
of  all  special  applications  of  mathematical  principles.  Knowing  tlie 
conditions  of  a  moving  body,  its  Jaw  of  motion,  its  path  through 
sj^ace  or  on  a  plane  may  be  determined  by  an  algebraical  formula 
whose  co-ordinates  satisfy  an  equation  known  as  its  Loci. 

This  subject  has  been  briefly  but  intelligently  handled  in  Mr. 
Briffffs'  little  book,  and  we  are  convinced  it  must  be  a  valuable  assist- 
ance  to  students  of  the  Freshman  class  of  Harvard  College,  as  well  ;is 
to  adults  who  are  lovers  of  mathematics  in  its  elementary  branches. 

L.  S.  W. 


Franklin    Institute. 


Hall  of  the  Institute,  Nov.  16th,  1881. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  102  members  and  45  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Tlie  Actuary  presented  the  minutes  of  the  Board  of  Managers  and 
announced  that  at  the  last  meeting  of  the   Board  26   persons   were 
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elected  nieinlxjrs  <»t'  tlic  liistituU;;  also  thai,  in  arconlaiife  with  tlie 
rw,M>iiimrn»|;iti<tii  ol"  the  (  oiimiitt<e  <»ii  Scieiu-c  aixl  the  Arts,  they  hatl 
awarthtl  th<'  Elliut-Cn'ssnii  (tdM  Medal  tu  W'illiaiii  Woodmit  (Jris- 
coiM  Ini"  his  invention  oC  the  Electric  Mot(»r. 

I*rot".  Robert  K.  Ko<rers,  <hairnian  of  the  (  oniniittee  on  the  "Dan- 
gers Incident  to  lOlectric  Lijjchling,"  said  that  he  re*rretted  to  he  oldige<l 
to  say  that,  while  his  coinniittee  had  held  several  meetings,  tiiey  had 
not  heen  ahle  to  |)re|»are  an  ai)solute  and  complete  report  t<»  l)e  pre- 
sented at  this  meeting.  In  view,  however,  of"  the  apprehensions  and 
anxieiv  <»t"  the  eommtinitv,  which  looks  to  the  Franklin  In.-titute  tor 
guidance  on  this  snhjeel,  the  eoniniittee  desired  j)ermission  to  give  its 
report  to  the  j)ress  and  ]tul)lie  a.s  soon  its  it  should  he  completed.  ''  It 
is  due  to  the  Institute,"  he  said,  *'  that  the  sul>ie<'t  shoidd  not  l)e  iritieil 
with,  tor  it  is  one  of  great  gravity,  and  the  report  of  the  committee 
should  be  well  considered.  The  committee  would  j>ledge  itself  to 
|)rc5ent  its  re[)ort  in  such  a  way  its  to  furnish  full  information  to  the 
public  and  yet  not  commit  the  Institute  to  its  views  until  action  eould 
i»e  taken  <»n  it." 

Mr.  Orr  said  that  tlu'  <-hairman  of  the  committee  evidently  took  a 
true  view  of  the  importance  of  the  sultjeet  committed  to  its  <'onsidera- 
tion,  l»ut  he  hoped  that  if"  the  rejtort  was  to  be  given  to  the  |»ublie 
before  being  acted  n|»on  by  the  Institute,  that  fact  would  be  di-tinetly 
stattnl. 

Pr«»t".  Rogers  said  that  he  proposed  to  make  the  committee  alone 
responsible  for  tiie  vievv.se-xpressed,  and  not  the  Institute,  until  the  latter 
had  been  given  an  opportunitv  to  pass  upon  it. 

On  motion,"  tilt-'  eommiitee  w;is  given  leave  to  |)re>ent  its  re|>ort 
through  the  pres.s,  as  suggested  by  Prof.  Rogers. 

The  re|)ort  of  the  Connnittec  on  Fire  Esca|H>s  (which  is  print«tl  in 
full  in  this  number  c»f  the  Jol'KX.vl)  wa.s  then  read  by  the  Sc<Tetary. 

Mr.  (Jrimshaw  said  that  he  considered  the  report  most  excrllent 
and  timely,  but  he  wIsIukI  to  enter  his  individual  j»rt)test  ag-ainst  one 
or  two  of  the  conclusions  of  the  committee.  lie  protesteil  ag:iinst 
the  endorsement  of  bridges  le;iding  t(t  tower  stairwavs,  believing  that 
the  bridges  were  liable  to  be  blocketl  up  by  |K"oplc  attempting  to 
escape  by  such  long  tubes.  He  also  wishe«l  to  protect  ag:iinsi  the 
re<'ommendation  to  enclose  elevator  shafts  in  brick  walls,  thus  making 
them  flues  to  carry  the   protlucts  of  combustion  over  the  buiUIing. 
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He  tliouglit  that  elevator  .shafts  sliould  not  be  enclosed.  He  also 
■called  attention  to  the  fact  that  the  words  "  incombustible  "  and  "  fire- 
proof" were  not  interchangeable,  and  said  that  a  stairway  built  of 
incombustible  material  as  recommended  in  the  report  might,  neverthe- 
less, be  dangerous  in  case  of  fire,  being  crumbled  or  broken  bv  heat. 

Prof.  Rogers  said  that  he  considered  the  report  admirable;  as  nearly 
exhaustive  as  it  could  be  made,  and  free  from  the  objection  of  com- 
mitting the  Institute  to  any  special  form  of  fire  escape.  It  tells 
frankly  the  dangers  to  be  met,  describes  various  ways  of  meeting 
them,  compares  their  relative  merits  entirely  on  general  principles  and 
from  all  the  information  deduces  certain  guiding  lines  of  action  in 
legislation  and  in  the  construction  of  fire  escapes.  He  felt  so  well 
.satisfied  with  the  work  of  the  committee  that  he  offered  the  following 
resolution : 

Resolved,  That  the  thanks  of  the  Institute  be  returned  to  the  com- 
mittee for  their  able  report,  and  that  the  Institute  adopt  it  with  the 
provisions  and  qualifications  contained  therein. 

This  Avas  agreed  to  by  a  vote  which  appeared  to  be  unanimous. 

Mr.  Hugo  Bilgram  read  a  pa])er  on  his  new  Odontograph,  illus- 
trated by  a  model  showing  how  if  could  be  us'ed  for  laying  out  the 
teeth  of  gear  wheels.  It  is  based  on  the  fact  that  if  the  shaj^e  of  the 
teeth  of  a  rack  consists  of  two  congruent  branches,  corresponding- 
points  of  which  meet  tangentially  in  the  pitch  line,  any  two  gear 
Avlieels  correctly  gearing  into  tliis  rack  will  also  correctly  gear  with 
one  another.  Briefiy  described,  a  template  of  a  tooth,  carefully  filed 
so  that  each  side  consists  of  two  equal  curves  meeting  exactly  in  the 
pitch  line,  is  attached  to  a  l>ar  representing  the  rack,  one  edge  of  which 
(the  j)itch  line)  is  carefully  straightened.  The  template  is  .so  attached 
to  the  bar  that  a  small  space  is  left  between  them  the  depth  of  the 
tooth.  A  circular  plate  (or  portion  thereof)  of  a  diameter  equal  to 
the  pitch  diameter  of  the  wheel,  has  fastened  to  it  a  piece  of  sheet 
metal  or  card-board  on  which  the  tooth  is  to  be  marked  and  which 
must,  therefore,  be  as  large  in  diameter  as  the  gear  wheel.  When  the 
wheel  is  rolled  upon  the  rack,  pitch  line  on  pitch  line,  the  sheet  metal 
or  card-board  of  the  wheel  passes  between  the  template  of  the  rack 
and  the  bar  to  which  it  is  fastened,  and  the  shape  of  the  tooth  can  be 
described  upon  the  .second  template  in  a  number  of  diflFerent  positions. 
The  form  thus  delineated  being  then  cut  and  filed  the  second  template 
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is  c(tmi)l('tf'(l.  A  lt:m<l  of  v«,'i'v  thin  steel,  one  end  of  wliieli  is  tau- 
tened to  the  nick  and  the  otiier  to  the  wiieel  phite,  may  serve  as  a 
means  to  j)revent  sli|)j)in<r.  It  is  advisable  to  have  the  Jiecond  tem- 
plate extend  to  the  centre  of  the  plate,  that  its  centre  may  be  marked 
to  insmv  radial  position  of  the  teeth.  Mr.  Bili^ram  aUo  e.xplaimHl  at 
ien<;th  how  this  |)rineiple  e(»nlil  be  applietl  to  maehines  for  enttiiiir 
<ijear  wheels. 

file  President  of  the  I  nstitnte  described  hi>  lmj>r(»ved  Jhiiamo- 
meter,  a  larj^c  nictdel  of  which  was  on  exhibition  and  photo;^raphic 
diaj^ram.s  of  three  forms  of  it  |)roject«'d  upon  the  screen.  It  aims,  by 
u  simple  and  novel  device,  to  measure  the  power  transmitted  without 
absorbint^  it.  .V  description  of  the  apparatus  i<  j)id)li<hed  in  the 
.b)ii{\Ai.  for  Xovember,  with  illustrations. 

TIk!  SecretarN  then  |tresentcd  hi-  I'eport.  Anionir  the  novelties 
shown  was  ( 'hamberlain's  .Safety  Attachment  for  Klevat<jrs,  desii;ne<l, 
in  case  of  the  breakinjx  of  an  elevator  rope,  to  instantly  stop  the  car 
iVoni  falliiiL;'  before  it  has  ac(juired  any  nionientuin.  TIm  ro|)e  is 
attached  to  a  yieldini:-  draw  bar  or  cross  bar,  connected  by  links  with 
a  rock  shaft  imder  the  car.  Lockint;  cams  act  aj^ainst  vertical  chain- 
of  rods,  which  are  tirmly  atta<'lH?d  at  their  upper  and  lower  ends  to  ri»jid 
|)artsof  the  elevator  well  ;\nd  |)a>s  throuuh  irroov«'d  recesses  in  the  ele- 
vator car.  When  in  use  the  cams  ai"e  turned  so  as  to  allow  the  car  to 
move  tVeely  up  or  down;  but  the  moment  the  rope  breaks,  thus  remov- 
ing strain  on  the  cross  bar,  s|»riniis  on  the  rock  shaft  are  frei^l  and  oj>er- 
atin<r  upon  the  shaft  turn  the  cam.->  into  a  positi(tn  where  they  are  at 
once  engaged  in  the  locking  recesses.  The  invcnt<tr  claims  that  this 
action  is  instantaneous,  and  that  there  is  con>c<juently  no  opportunity 
for  the  car  to  ac«[uirc  momcntmn. 

A  balanced  valve  for  steam  engines,  the  invention  of  .Mr.  \\  illiani 
L.  I)(>wart,  Jr.,  was  described,  which  has  been  in  use  at  the  lMiihnIeI- 
phia  and  Iveading  R;iilroad  shops  on  Hamilton  >trtH't  for  the  past 
year.  The  objcM-t  is  to  les.<en  pressure  ot"  the  valve  upon  the  valve 
seat,  thus  diminishing  friction  and  ctlecting  a  s:iving  in  the  cost  ot*  a 
given 'amount  of  power.  In  this  valve  there  is  a  sujH'rimiH>se»l  bal- 
ance plate  coimecttMl  with  the  lunly  of  tlu'  valve  by  a  ball  anil  six'kct 
joint,  the  plate  and  valve  being  so  (•onstructeil  that  they  «'ompen.s;ite 
for  any  inecpiality  in  the  valve  s(>at.  The  inventor  claims  that  with 
thi-   l)al;uiced  valve   tlu're  can    be   no  choking  nor  back  prcssiu'e,  nor 
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can  there  be  a  "  ciisliion  "  tbrined  between  the  valve  and  the  sides  of 
the  chest. 

Two  of  Hohnan's  new  Projecting  Lanterns,  made  by  Zentraayer  for 
Mr.  Henry  Bower  and  Mr.  George  H.  Perkins,  were  exliibited.  They 
are  intended  to  be-  used  in  the  lecture  hall,  school  room  and  the 
home,  to  show  more  than  one  person  at  a  time  the  revelations  of  the 
microscope,  and  also  to  serve  as  first-class  microscopes  for  scientific 
investigation,  and  as  lanterns  for  the  exhibition  of  ordinary  slides. 
Mr.  Holman  stated  that  with  one  of  these  instruments  the  little  ani- 
mal amoeba  liad  been  for  the  first  time  shown  to  more  than  one  person 
at  a  time,  this  being  done  in  a  large  lecture  hall  in  illustration  of  one 
of  his  lectures. 

A  number  of  fire  escapes  were  shown,  among  them  being  a  truck  lad- 
der invented  by  Henry  C.  Bender,  which  can  be  taken  to  a  burning 
building  by  the  firemen  and  raised  to  any  story  against  or  independently 
of  the  wall.  The  ladder  is  made  in  links  so  as  to  roll  up  on  a  cyl- 
inder. The  turning  of  a  crank  causes  it  to  extend  and  rise  from 
the  truck  as  a  rio-id  ladder.  The  truck  itself  can  be  shifted  later- 
ally  while  the  ladder  is  extended. 

One  of  Crookes'  Ruby  Tubes,  imported  by  Queen  &  Co.,  was 
exhibited  by  the  Secretary;  also  a  model  of  Grier's  Street  Railway, 
in  which  the  cars  are  propelled  by  an  endless  wire  rope  (operated 
from  a  central  station),  to  which  the  cars  are  attached  by  a  clutch 
passing  through  a  narrow  opening  in  the  street. 

Mr.  Cooper  said  he  would  like  to  bring  before  the  Institute  the 
question  of  holding  an  exhibition  of  small  machines  this  winter, 
especially  of  such  as  are  of  general  interest,  including  electric  lights 
and  other  electrical  apparatus.  He  had  noticed  that  Industrial  Hall 
on  Broad  street  had  been  recently  enlarged,  and  he  thought  that  the 
Institute  could  hold  a  creditable  and  useful  exhibition  there  of  the 
kind  suggested. 

The  President  inquired  whether  Mr.  Cooper  had  any  motion  to 
make  and,  when  told  he  had  not,  said  that  if  Mr.  Cooper  would  pre- 
sent his  suggestion  to  the  Committee  on  Exhibitions  he  had  no  doubt 
it  would  receive  attention. 

On  motion,  the  Institute  adjourned. 

Isaac  Norris,  ]M.D.,  Seci-etary, 
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